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INTRODUCTION 


Folds are mysterious and elusive. They attract us with their colors, their textures and their intricate shapes, and they intrigue 
us as they hide and reveal the human form. Their everchanging character seems to give them a life of their own, but they 
keep their logic hidden. Folds have always been an important and striking element of figurative painting, and through the 
ages artists have studied folds both to capture their beauty and to clothe the figures in their paintings more convincingly. 

In this book | unravel the mysteries of folds. And because figure drawing and light and shade are so important 
when drawing the folds in clothed figures, | have included chapters on these topics as well. The important topic of 
fashion is beyond the scope of this book, but the knowledge you gain about folds will serve you well in illustrating 
any fashion you choose. 

| have worked for over 20 years as a Storyboard artist for major film and television productions, and some exam- 
ples of my work are included here in the introduction. At university | studied mathematics, and as an illustrator | am 
self-taught. | acquired the knowledge and developed the methods described in these pages so that | could draw 
quickly and convincingly from my imagination without having to find reference photos to copy from. 

Folds have long been a neglected topic that deserves more attention. In this book you will find thorough, 
insightful and convincing explanations of the mechanisms of folds in clothing and elsewhere. If | had found a book 
such as this early in my career, it would have helped me enormously! 

Folds are found everywhere in flexible materials such as paper, plastic, foil, leather and cloth. All materials fold 
in similar ways, although the thickness, stretchiness and other qualities of materials affect the number, size and 
angularity of folds. The principles of folds can be applied generally, but this book focuses on folds in clothing. The 
approach of this book is to understand the reasons for the many shapes of folds. It covers the essentials for creat- 
ing believable folds both in clothing and in the skin of the face and hands. 

Well-drawn folds help make drawings and paintings of clothed figures look three-dimensional and realistic, as 
well as adding their own beauty. When we draw from life or photos we can copy what we see, but when drawing 
from the imagination we need knowledge to guide us. Drawing the figure requires anatomical knowledge, while 
drawing folds requires an understanding of their geometry. Once an artist has learned why folds occur in cloth, they 
can apply principles and patterns that will take much of the guesswork out of drawing clothing. This book covers 
both the theory and the practice of drawing folds. 

There are many reasons to believe that the masters of the past created their paintings largely without models, 
relying Instead on their knowledge of anatomy and folds. Some of these reasons are: horses, fluttering drapery 
and flying cherubs don't pose for portraits; a model with the right appearance may be unobtainable; models and 
costumes are expensive; the posing of dramatic actions and angles can be difficult or impossible; folds change 
every time a model takes a break; and drawing without using models is considerably faster. If you look at paintings 
and drawings by masters such as Michelangelo, Leonardo da Vinci, Peter Paul Rubens and Francois Boucher, you'll 
see that they had a remarkable understanding of folds. 

If you draw from your imagination, as do fashion illustrators, animators, graphic novel and comic book artists, car 
toonists, storyboard artists and others, the more you know about folds in clothing, the better you'll be able to draw. 
Realistic folds will accentuate the shape, action and character of the people you draw, will make your drawings look more 
attractive and believable, will ensure that poor folds aren't a distraction in your art, and will save time. If you draw mainly 
from models or reference photos, knowledge of folds will help you determine how to simplify and accentuate the folds. 

If you believe that knowing something about artistic human anatomy is important to your art, then knowing 
about the “anatomy” of folds is probably important to you too. And just as with human anatomy, the goal is not to 
make your drawings perfectly accurate, but to make them convincing to your audience to help you tell your story. 
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WHAT ARE FOLDS? 


Folds are changes to the otherwise flat shape of any thin, flexible material that make it not lie in one plane. Folds 
form in such things as cloth, leather, paper, aluminum foil, leaves and skin whenever they are subjected to com- 
pression. When these materials are bent, pushed in from the edges, pulled down by gravity or pushed outward 
from within, they respond by adopting geometrical patterns in standard ways that are not random. All materials fold 
in the simplest way possible — the path of least resistance. Many small, curved and angular shapes are created that 
interconnect in a pattern that responds to the compression (Figure 0.1). 


0.1 Folds are created and eliminated by forces acting on the material and by the shapes of the objects lying beneath the material. 
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The geometry does not have to be mathematically accurate for the folds to look convincing; it just has to 
approximate the geometrical shapes of common folds that we recognize from having seen them so often. In a 
similar way, caricatures capture the essential character of the forms of people's faces so that they are instantly 
recognizable, even if their anatomy is simplified and exaggerated. 


In some materials compression creates folds that leave behind wrinkles after the folds have been flattened out. 
These wrinkles are not as important to a drawing as the folds are, but by understanding folds you will be able to 
predict where wrinkles will occur and add them to your drawing in a convincing manner, for instance on a face or 
on a wrinkled pair of jeans. 

Folds may be angular and well defined or smooth and indistinct, depending on the material. For example, thin 
materials that don’t stretch, such as aluminum foil, will fold readily and will create many small, sharp-edged folds. 
But when thick, stretchy materials fold, their folds are large, rounded and smooth. It’s fortunate that although the 
folds in various materials may differ in size, number and angularity, they all have similar geometry. 


Garments are constantly pushed and pulled while they are worn. This results from the volume of the figure 
within the clothing, the effect of gravity and the action of the figure. The default shape of every article of clothing 
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is determined by its cut, in other words the way the more-orless tube-shaped pieces are sewn together to accom- 
modate the shapes of the human figure. Because cloth is not stiff, clothing adapts to the form beneath it and to 
the pull of gravity by altering its geometry into folds. Even a tailored suit that is made to be as smooth and even 


as possible will have folds. 


The geometry of cloth in a small area of clothing changes under compression into folds in a straightforward man- 
ner, but as these small areas interlock with other folds, the geometry that arises can become complex. Artists know 
that they can not draw hands from their imagination without knowing something about their structure. Similarly, an 
artist can't create the patterns of believable folds without knowing something about the structure of folds. Luckily 
folds are completely visible, so can be deciphered by anyone who analyzes them, while many of the mechanisms 
of human anatomy are hidden from view and impossible to fully understand through surface observation alone. 


In this book | explain the geometry of the simplest folds, and then show how complicated folds can be broken 
down into interrelated single folds. | describe the geometry of all the types of folds you will encounter when draw- 


ing the figure, and show where they occur. 
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There are many possible poses and actions of the figure. By learning the types of folds and how the positions 
of the limbs create forces of tension and compression that push and pull on clothing, you will be able to predict 
which folds apply at every joint in any pose you imagine. For example, the patterns of folds at the knee and elbow 
are similar, and appear every time the limbs are bent. The same ideas can be applied to folds in skin. With practice 
it becomes much easier to “think like folds” in order to predict how folds will form in various actions of figures 
you imagine. 


THREE-DIMENSIONAL DRAWING 


The approach to drawing that has helped me as a storyboard artist is based on understanding and memorizing the 
three-dimensional structure of things, especially the human figure. Because | can rely on this knowledge, | don't 
have to use photographs unless I’m drawing something very specific. 
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To develop the ability to draw realistic scenes from your imagination, you have to make it a habit to draw as 
three-dimensionally as possible, which means studying, remembering and drawing the 3D shapes of people and 
objects in a simplified form. This takes practice, but it is time well spent, because drawing this way improves 
your visualization ability and builds your mental library of 3D objects that will enable you to draw scenes without 
reference. 

Time spent copying models and pictures as photographically accurately as possible is not likely to teach an 
artist the things they need to know to be able draw from their imagination. Naturally there are times when refer 
ence is needed for inspiration or to draw something very specific, but much of a drawing can be sketched using 
generic people and clothing if you've learned the structure of the human figure and folds in clothing. While writing 
this book, | used photographs as visual reference material for certain elements of four of the storyboards in this 
chapter, and for parts of seven of the drawings in later chapters. 


PYS 


A good approach to learning to draw in 3D is to reduce whatever you're drawing to simple geometrical solids 
such as blocks and cylinders. It’s easy to see that the head can be thought of as a block, the neck as a cylinder, the 
chest as an egg shape, and so on. With practice you will gain facility at drawing these simple volumes in different 
arrangements and at different angles. Elaborate structures and scenes can be built using simple 3D shapes. With 
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practice it becomes easier to memorize more complex 3D shapes and to fit them together, which is essential for 
drawing the figure. The shapes of folds depend very much on the shapes of the figure that they cover. 


When | draw | almost never think of perspective in the usual sense, with vanishing points and horizon lines. | find 
that by believing in the three-dimensional solidity of what | draw as | draw it, the perspective is reasonably accurate. 
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When people look at a drawing they consciously see the story being told, but they are also affected subcon- 
sciously by such things as good composition, “camera” angle and effective lighting. They are also affected by 
whether there is a certain life and naturalness to the drawing that comes from the physics of the scene. Is there 
gravity? Does the lighting make sense? Do people, animals and objects seem solid and real? Is there a mechanism 
to the actions of the figures? There is a logic to the workings of the bones and muscles, to the workings of folds, 
and to many other things. This way of thinking when you draw reflects the difference between drawing how things 


look and drawing how they are. 


If an artist can put some of this logic into their work, it will affect their audience. Folds are an important part 
of this. The more you know about form, anatomy, action, folds and light, the more convincing you can make the 


figures and scenes you draw. 


LEARNING TO DRAW FOLDS 


We all have the same bones and muscles, but their size and proportions vary from person to person. Similarly, 
the same kinds of folds always form in a particular type of clothing in each specific pose or action, but the size 
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and proportions vary depending on the fabric, the cut and the fit. Experimenting with paper, cloth and clothing to 
see how folds arise in different circumstances can help you understand how folds work. If you practice applying 
this knowledge to your drawing, you will get to know when and where each kind of fold occurs. Folds are predict- 
able, and if you commit their most common patterns to memory, you will have a powerful tool that you can use 
in your art. 


Folds should be drawn spontaneously and not be too symmetrical. For instance, the horizontal folds that 
appear in a Fshirt across the abdomen when a figure bends forward can be drawn as three quick and slightly 
random lines that are not perfectly parallel and not of the same length. Later they can be refined, but they will 
retain a more natural appearance because they are not rigidly symmetrical. Similarly, for a zigzag fold to look nat- 
ural, it shouldn't be a very even, mechanical-looking zigzag, but instead should look a little random, spontaneous 
and irregular. This soontaneous approach is also useful for many other subjects, such as smoke, clouds, foliage, 
waves and hair. 


WW 


a Wi 


People looking at a drawing don't think about the folds unless they're either poorly drawn or extremely well 
drawn. If the folds you draw appear reasonable and attractive, people will focus on the story you're telling, not on 
the folds. Studying some of the folds you see around you is a good way to reinforce what you're learning. With 
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greater understanding of the causes of folds you'll be able to draw more convincing clothed figures in action from 
your imagination. And you'll find that you don't have to know every detail about every type of fold: knowing just a 
few folds will go a long way in making your drawings of clothed figures look much more natural. 
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AN OVERVIEW 
OF FOLDS AND 
MATERIALS 


Folds can seem complicated, but they are always combinations of simpler parts. A piece of cloth that has been 
folded once is a simple fold. If a simple fold is folded a second time, so that it is now a fold of a fold, it is called a 
compound fold. Combinations of simple and compound folds are called complex folds. In clothing, similar patterns 
of folds always occur in similar circumstances. Folds never have to be mathematically perfect; they just have to 
look reasonable and attractive. 

The size, number and angularity of the folds will vary depending on the type of material used, but the rules 
governing how folds form are universal. There are standard folds that occur in any material subjected to the same 
forces. But when drawing different types of fabric, the standard folds have to be modified. For instance, gravity will 
cause thinner fabrics to droop more than thicker fabrics will. Stretchier fabrics will stay close to the body and have 
smoother, more rounded folds. Stiffer fabrics will resist folding and form larger, more angular folds. An analogy can 
be made to human anatomy: we all have a very similar structure, but each of us has unique proportions that create 
the wide variety in people's appearance. 

Cloth retains its surface area whether It is pulled flat or is bunched into folds. As compression moves the edges 
of cloth closer to each other, the “footprint” of the cloth is made smaller, but the total area of the actual cloth does 
not change; it simply becomes subdivided into the various surfaces of the folds that have formed. 

All folds are combinations of smooth curves, flat planes and sharp direction changes. In any single small area of 
cloth (or leather, paper, foil or plastic) there are only a few things that a piece of material can do. The default state 
of an area of fabric is to lie in a plane, which is how it was woven or knitted. 

Compression causes folds to form. There is even compression, where two areas of cloth are pushed straight 
towards each there. There is also uneven compression, in which two areas of cloth are pushed towards each other 
as they follow an arc centered on a nearby point in the cloth. And it is also possible to have compression in more 
than one direction at the same time, where even or uneven compression is occurring in two different directions, 
and this creates more complicated folds. 

Folding a piece of cloth over onto Itself creates a fold. When clothing is worn, it isn’t usually such intentional 
folding that creates folds: folds in clothing are normally caused by gravity and the actions of the figure. 
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Chapter 1 | An Overview of Folds and Materials 


PLANES, CYLINDERS AND CONES 


Any pliable material can be draped to lie perfectly smoothly over only three solid shapes: flat surfaces, cylinders and 
cones (Figure 1.1). Cloth adopts the shape of the shape it Is on: it can lie flat in a plane, or be cylindrical or conical. 
Examples are a carpet lying on the floor, paper towels on a paper tube, and a napkin wrapped around an ice cream cone. 


Plane 


Cylinder 


Cone 


1.1 Cloth and other flat materials can lie smoothly only on planes, cylinders and cones. 


A flat surface is not necessary for cloth to flatten: all that is necessary is that it be pulled evenly from all four 
sides. If two areas of a piece of cloth are pushed evenly towards each other, the cloth begins to arch into a cylin- 
drical shape. But if two areas of cloth are pushed towards each other using uneven pressure, the cloth will begin 
to arch into the shape of a cone. 

The terms cylinder and cone are used here with the broad definition that is sometimes employed to include cylin- 
ders and cones that are partly flattened or opened on one side. You can easily roll a cylinder or cone from a sheet of 
paper to prove to yourself that they can be slightly flattened without losing their smoothness and lack of additional folds. 

These are the only two families of folds: those based on cylinders and those based on cones. The folds that are 
related to cylinders are parallel folds, and the folds related to cones are radial folds. In clothing folds usually occur 
in groups with members of both families interlocking with each other. 


PARALLEL FOLDS 


Parallel folds are created by compression resulting from even pressure. Their shape resembles a cylinder, and they 
are called parallel folds because the straight lines that run along their length are parallel to each other. They do not 
usually form a complete cylinder. An important characteristic of every parallel fold is that it stays the same size along 
its length. Often two or more parallel folds are also parallel to each other, for instance when they form an S-shaped 
curve. Any part of an article of clothing that lies over a cylindrical form (Such as a thigh) can lie very smoothly. 
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RADIAL FOLDS 


Radial folds are created by compression caused by uneven pressure. Their shape resembles a cone, and they are called 
radial folds because the straight lines that run along their length all radiate from the same point of origin. They don't 
usually form a complete cone. Radial folds start at their tips from nothing and grow higher and wider along their length. 


COMPOUND FOLDS 


Any parallel or radial fold can become a compound fold if it is folded a second time. A fold starts as a simple or first- 
order fold. If an existing simple fold is folded onto itself, then a second-order or compound fold is created. In other 
words, a compound fold is a fold of a fold. The actions of the figure often force folds in clothing to fold a second 
time. At the edge of the second fold there will be a sharp direction change, so a compound fold has a “corner” to 
it that a first-order single fold does not have. The indentation at the corner is called the eye of the fold, and makes 
compound folds easy to recognize (Figure 1.2). 


a“ 
hy SS 


Simple fold Compound fold 


1.2 Acompound fold can be created by folding a piece of cloth or paper, and then folding it again along a line that crosses 
the first fold. Compound folds always have a recognizable eye where the second fold meets the edge of the cloth. 


There are also higherorder folds, but they are uncommon in clothing unless that clothing is folded for storage. You 
will see them in folded towels and blankets. A flat unfolded blanket has just one layer, while a blanket folded in half 
will have a single fold and will consist of two layers. If this folded blanket is folded again across the first fold, it will 
form a second-order compound fold and will have four layers. If it is now folded across the most recent fold, it will 
become a compound fold of the third order and will have eight layers. A blanket is often folded four or five times, so it 
might have 16 or 32 layers! But for the purpose of drawing clothing we need only look at first- and second-order folds. 


COMPLEX FOLDS 


Complex folds are combinations of parallel, radial and compound folds. Clothing will have interlocking folds created 
by compression at every flexed joint. Some sections of the cloth will lie flat, some will have become parallel and 
radial folds of various sizes and at various angles, and some will have formed compound folds. Cloth often appears to 
have complicated folds, but when you examine small areas of the folds, you can find reasons why they have formed. 
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Chapter 1 | An Overview of Folds and Materials 


SOME CHARACTERISTICS OF MATERIALS AND 
THEIR FOLDS 


Although the basic geometry of folds is universal, different fabrics do have an important influence on the form of 
the folds. The stretchiness, stiffness, resilience and thickness of the material influence the geometry and appear 
ance of folds. Stiffer materials are less influenced by gravity and droop less. For example, a carpet will bend in 
larger folds than a cotton sheet, but its folds will be rounded (Figure 1.3). 


Flexible 


1.3 When stiff materials fold, their greater rigidity allows them to support themselves more, and they tend to obscure the forms 
they cover. Flexible materials are more affected by gravity and compression, and will sag and reveal more of the forms they cover. 


Stretchy fabrics are knitted, and some can stretch up to 50 percent. Knitted fabric has no single straight line 
of thread or yarn anywhere in its construction, and knitted items can stretch in all directions equally. This level 
of elasticity is not found in woven fabrics. T-shirts, sweatshirts, sweaters, hosiery and many other garments are 
made from knitted fabric (Figure 1.4). Cloth is always woven, but | use the term loosely in this book to include all 
types of fabric. 
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Woven cloth Knitted fabric 


1.4 Cloth is woven and has threads that mesh in a grid pattern; cloth is not stretchy. Knitted fabrics loop in an intricate 
pattern that makes them stretchy in all directions. 
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A stretchy material like spandex will conform to the shape of the body with very few folds. The folds that appear 
will not be angular. Stretchy garments fit so that they are always stretched over larger parts of the body such as the 
thighs and calves, and at joints such as the knee they are closer to their original dimensions. Therefore, there is very 
little excess material that has to be compressed at a flexed joint, and thus there are almost no folds there. Non- 
stretchy materials don't change their dimensions, and the size of garments worn must be a little larger in order to be 
able to put them on and to be able to flex the joints. When non-stretchy fabrics are compressed, they subdivide into 
a greater number of folds than do stretchy fabrics, and these folds are smaller. A completely non-stretchy material 
like aluminum foil will form into hundreds of small, sharp, well-delineated folds when compressed (Figure 1.5). 


V 


Stretchy Non-stretchy 


1.5 Stretchy materials have a few large, rounded folds, while non-stretchy materials have many small, angular folds. 


Sometimes the sections of cloth in clothing are “cut on the bias,” so that the threads run diagonally over the 
body and not vertically and horizontally. A garment such as a skirt that is made this way is able to stretch more than 
usual across the body's contours and is thus more form-fitting (Figure 1.6). 


1.6 When a garment is made from pieces of cloth that are cut on the bias, the diagonal orientation of the threads makes the 
garment more form-fitting, with fewer folds. But it is still not as form-fitting as a garment made from knitted fabric. 
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A resilient material tries to straighten out and not remain folded. The springiness of the material results in larger, 
simpler folds. Vinyl is an example of a resilient material. Resilient materials do not wrinkle easily. 

Thin materials will form a greater number of folds and they will be smaller than folds in thick materials. Thin 
materials tend to droop and lose their shape. A very fine material like silk or rayon will fold easily and will droop 
easily under the influence of gravity. A heavier material like leather or felt will have fewer folds than thinner fabric, 
and the folds will be larger. Thicker fabric will also tend to hold its shape and be less influenced by gravity. When it 
is folded over, a thicker material will also pile up more rapidly. For instance, a rolled carpet is very much thicker than 
a rolled sheet. This is an extreme example, but the effect of thickness also has a noticeable influence on overcoats 
and leather garments. Thick materials will have wider folds and they are more resistant to forming compound folds 
(Figure 1.7). 


THIN 


MATERIALS 
Simple fold Compound fold 


Thin cylinder Long Hn 
fits curve nen 
curves 


THICK 
MATERIALS 


Compound fold 


Wide cylinder M > Short wide 


fits curve cones fit curves 


1.7 The thickness of the material influences the size and angularity of its folds. 


16 


Z4 


Table 1.1 


Characteristics of Various Materials and Their Folds 


Light cotton 


Denim 


Leather 


Linen 


Silk 


Knitted fabrics 


Wool 


Nylon 
Polyester 


Rayon 


Spandex 


Plastic 


Vinyl 


Thickness 
thin 


medium 


medium 


thin 


thin 


various 


varies 


light and strong 
thin 


thin and soft 


thin 


usually very 
thin 


thin 


Flexibility 
very flexible 


moderately flexible 


moderately flexible 


flexible 


flexible 


very flexible 


soft and flexible 


flexible 
flexible 


flexible 


very flexible 


very flexible 


flexible 


Stretchiness 


stretchy when knitted 


slightly stretchy 


slight permanent stretch 


non-stretchy 


non-stretchy 


stretches in all directions 


limited stretch; stretchy 
when knitted 


stretchy only when knitted 
stretchy only when knitted 


stretchy only when knitted 


very stretchy 


stretching is permanent 


some stretch 


Resilience Draping 


wrinkles easily drapes well 


moderate resistance 
to wrinkling 


moderate resistance 
to wrinkling 


wrinkles easily 


moderate 
resilience 


drapes well 


resilient drapes well 


resilient drapes well 


resilient 
resilient 


wrinkles fairly 
easily 


resilient 


varies 


resilient 


How It Folds 


numerous small folds; angular 


medium number and size; rounded 


medium number and size; rounded 


many small folds 


many small angular folds 


small number of large rounded folds. 


medium number and size; rounded 


many small folds 
many small folds 


medium number and size; rounded 


few folds 


many small angular folds 


medium angular folds 


Chapter 1 | An Overview of Folds and Materials 


An article of clothing made from a particular fabric looks different depending on the physical size of the wearer. 
For example, if a toddler is wearing blue jeans, the total number of folds will be small and the folds will seem large. 
This is because, relative to the child's size, the material is thick and stiff, and also the influence of gravity is small. 
But if a tall man is wearing jeans, the thickness of the material relative to his size is not great. The areas of fabric are 
large and the material cannot hold itself up against gravity. In addition, when compression causes folds to form at 
bent joints, the blue jean fabric folds more often to fit around the man’s larger forms. So the effect is that the same 
type of material looks softer and less angular on a large person than on a small one. 

Wet fabric behaves very differently from dry fabric. The added weight of the water causes the effects of gravity 
to be much more significant, causing wet cloth to droop and sag more, and to be far less able to support Itself. 
Folds appear sharper with more ridges, and the form of the figure beneath the clothing is more revealed. 

When drawing from your imagination, consider the characteristics of the material you are drawing and the size 
of the clothed figure before you design your folds. In this book | emphasize what the folds in all fabrics have in 
common in their geometry. These ideas should be adapted to take into account the thickness, flexibility, elasticity 
and resilience of particular types of fabric you are drawing (Table 1.1). 
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THE ELEMENTS 
OF FOLDS 


CLOTH DRAPED OVER THE FIGURE 


Cloth can lie evenly and smoothly over any shape that is flat, cylindrical or conical. If it’s draped over any other 
shape, additional folds will form that cannot be smoothed out and made to disappear. The limbs, torso and neck 
are somewhat cylindrical in shape, so clothing that is made to be cylindrical can fit well over the figure with a 
minimum of extra folds. The limbs taper to the hands and feet, so sleeves and pant legs are often tapered too, 
becoming slightly less cylindrical and a little more like cones. The design of most garments avoids excess mate- 
rial that will droop or bunch into folds, while maintaining a slightly loose fit that allows freedom of movement. 

We might not normally think of a sleeve or pant leg wrapping around a limb as a fold, but if cloth is curved, itis a 
fold, and it behaves differently from flat cloth. Folds have a structure of connected curves which may be in contact 
with the body or may be hollow and suspended. 


CLOTH UNDER TENSION AND COMPRESSION 


Tension eliminates folds, flattening the cloth. If cloth is pulled between two points, it will flatten into a 
straight line between these points. The imaginary line between the points where the cloth is being pulled is 
the axis of tension (Figure 2.1). As tension increases, cloth becomes flatter and straighter unless an object 
is pushing It to the side along its path. If all four sides of a rectangle of cloth are pulled evenly, the cloth will 
have no folds. 

When there is tension in just one axis, there are not necessarily any folds in the cloth. If folds are seen running 
in the direction of the axis of tension, it's because there is compression of the cloth across the axis of tension, at 
a right angle to it, and the folds we see are caused by the compression in this other axis. 
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2.1 The direction in which cloth is pulled is the axis of tension. Tension eliminates folds. 


The imaginary line that runs in the direction of compression is the axis of compression (Figure 2.2). 
Compression bunches the cloth, creating folds. Compression can result from the action of the figure or from 
gravity. If an area of cloth is flat, and two points anywhere on the cloth are pushed closer to each other, then 
the cloth between those two points is compressed. The distance between those two points as measured along 
the surface of the cloth will be greater than the direct straight-line distance between the two points. The excess 
cloth adapts by curving into folds to accommodate this excess. Even compression will start to form a cylinder 
in the cloth, while uneven or rotational compression will begin to form a cone. Folds formed from compression 
are hollow inside, unlike folds formed in cloth lying over the figure or an object, which are filled with the form 
they are lying on. 
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2.2 The direction in which cloth is compressed is the axis of compression. Compression creates folds. 


When a piece of cloth lying on a flat surface is compressed evenly, several similar folds often appear running at a 
right angle to the axis of compression, like ridges on a plain. It could be just one ridge, but gravity will often cause a 
large fold to collapse into smaller ones. These folds can lead the observer to believe that they point in the direction 
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of a force that is causing them. But in fact the ridges point in the direction in which there is no compression, and 
not necessarily any tension. To understand folds, you always have to understand the axis of compression, and see 
the folds and their many shapes as a consequence of compression, not tension. 


CONVEX AND CONCAVE SURFACES 


A surface can be flat, convex or concave. Because fabric is thin, every fold has a convex “hill” side and a concave 
“valley” side. Whether the surface of a fold is considered convex or concave by an observer depends only on their 
position relative to the fold (Figure 2.3). 


Concave surfaces Convex surfaces 


2.3 Convex surfaces curve out towards us, while concave surfaces curve away from us. Every fold has a convex side and a 
concave side. 


THE ANATOMY OF A FOLD 


A simple fold can be formed by taking a flat piece of cloth and bending it so that it no longer forms a plane. The 
outside of a simple fold is like the crest of a hill, while the inside is like a valley. If the cloth is bent sharply to 
180 degrees, the hill becomes a crease, and the valley is now hidden in the interior of the folded cloth. 

A simple fold consists of a set of straight lines crossing a set of curved lines. These lines are related to 
the shape of the curve and are usually not the same as the warp and weft of woven cloth. The path along the 
crest of the hill is a straight line. On the reverse side of the cloth, directly opposite this line, is the matching 
straight pathway at the bottom of a valley. There are an unlimited number of straight paths called /ength lines 
along the sides of the hill and the sides of the valley (Figure 2.4). In the case of the cylinderlike parallel fold, 
these straight lines are parallel to each other, and all the points along any particular line are at the same “alti- 
tude” on the hill. In the case of cone-like radial folds, the length lines converge at one point. The pointed end 
of a radial fold is its tail. 
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2.4 A parallel fold consists of parallel straight length lines and a series of identical parallel width curves at right angles to 
them. A radial fold consists of radiating length lines and a series of parallel width curves that grow larger at a steady rate. 


The shortest, most direct path over the hill of a fold is a width curve. There are many such curves and they are 
all parallel to each other. In parallel folds, the width curves are all identical in size. In radial folds, the width curves 
are parallel to each other but are all of different sizes, growing evenly from the tiniest ones where the radial fold 
starts, to the largest ones at the broad end of the fold. 

If a fold extends right to the edge of the cloth, then an edge curve will be apparent. If the length lines are at 
a right angle to the edge, then the edge curve will also be a width curve. But if the edge is not at a right angle to 
the length lines, the edge curve will be a longer and more gradual curve. One way to visualize this is to imagine 
slicing a long loaf of bread, such as a baguette. Slicing it at a right angle to its length yields similarly-sized pieces 
with matching width curves, but slicing it at a diagonal yields longer pieces with longer curves that are not the 
same as the width curves. 

Edge curves are an attractive and interesting element of flowing drapery. In general, the edges of garments 
are cut straight, but shawls and dresses can have diagonal edges, and diagonal edges can also arise when cloth is 
hanging at an angle, as for instance a towel slung haphazardly on a rack. 


THE HINGE LINE AND THE CREASE 


The straight line that could be drawn on the cloth on the extreme outside of the turn that the fold is making is the 
hinge line of the fold. This line is the fold’s turning point at the outside of the curve. It is similar to the way a door 
angles away from a wall at its hinges as the door is opened (Figure 2.5). The hinge line is always at a right angle to 
the axis of compression: whenever cloth is compressed, folds are created that have hinge lines that cross the axis 
of compression at 90 degrees. 
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2.5 The hinge line can be considered the straight line that the cloth curves around as it changes direction, much like door 
hinges. 


The hinge lines of non-stretchy materials are very straight, while stretchy materials have hinge lines that are 
sometimes less straight. Slightly curved hinge lines in stretchy fabrics can be straightened in drawings and paint- 
ings, because folds often look more attractive if the contrast between the curved and Straight parts is exaggerated. 

If a fold is flattened, a crease is formed exactly where the hinge line is. The term crease applies equally to the 
inside and the outside view. Creases that have been ironed in, such as in pants, are most often seen from the out- 
side. The interiors of creases are occasionally seen in some garments, such as pleated skirts. In skin only the con- 
cave interiors of creases are visible. Creases are found on the palm of the hand, on the inside of the elbow, on the 
face and elsewhere. 

The straightness of hinge lines in non-stretchy materials is seen in the edges of cardboard boxes and cartons 
such as cereal boxes, where the paper is creased sharply to form the box. Resilient materials such as vinyl do not 
form permanent creases, while non-resilient materials such as paper do. 


THE GEOMETRY OF HINGE LINES 


It is useful to think of parallel folds as being created when cloth is compressed evenly, and to think of radial folds as 
being created when cloth is compressed unevenly. Thinking of folds this way is very helpful when deciding where 
to draw folds. Here is a short description of a more geometrical way of looking at folds that is not necessary to 
know when drawing folds, but may be of interest as background. 

When cloth lies flat, the plane that it forms can be called the XY-plane. The usual way to create a fold is to fold 
the material over, or in other words to rotate It around a line that Is parallel to the XY-plane. Folds created this way 
are all parallel folds. 

But the line that the cloth is rotated around does not have to be parallel to the X¥-plane. It can be perpendicular 
to the plane, rising up like a pole, and intersecting the XY-plane at just one point. This pole is the Z-axis. If two 
points in the cloth are rotated towards each other around any Z-axis that you choose, radial folds will form. These 
radial folds will have several hinge lines. The angles of these hinge lines change as the material is compressed 
further (Figure 2.6). This action might seem unlikely, but it regularly happens to cloth on the sides of the joints at 
the elbows, hips and knees. 
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2.6 When cloth lies flat, a parallel fold can be created by folding the cloth over any line lying in the XY-plane of the cloth. Cloth can 
also be rotated around the Z-axis line that is vertical to the cloth. This creates radial folds that have several hinge lines. 


How does a radial fold create a hinge line parallel to the Z-axis? As cloth is compressed by rotating it around the 
Z-axis, it lifts up into a vertical orientation. The middle area of the rotating cloth rises to a position where a hinge 
line can exist vertically instead of in the original plane of the paper. Now the paper folds easily into a radial fold on 
a vertical line (Figure 2.7). 


/ Y-axis 


Hinge line 


2.7 Moving two areas in a piece of cloth towards each other by rotating them around a third point that lies in the material forces 
a section to rise so a hinge line can form vertically. This is rotation of the cloth about the Z-axis, and it always forms radial folds. 
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WIDE, NARROW AND CIRCULAR FOLDS 


The two wings of a fold can be at an acute angle, forming a narrow fold, or be at an obtuse angle to each other and 
form a wide fold. How an existing fold behaves when there is new compression along its length depends on this 
angle. If the fold has an angle greater than 90 degrees, it is wide. In cross section it resembles a wide letter U. If 
the curve is at the edge of the cloth, this shape will be seen in the edge curve (Figure 2.8). 


U-shaped V-shaped C-shaped 
wide fold narrow fold circular fold 


2.8 A fold can be wide and U-shaped, narrow and V-shaped, or its wings can curve towards each other and be C-shaped. 


Wide U-shaped folds are quite weak and easily modified. If subjected to pressure along their length, they open 
further and flatten out, often causing the original fold to disappear in a certain section, and a new fold to appear 
across the new axis of compression. In this case the original simple fold is replaced at this point by a new simple 
fold with a hinge line at a right angle to the original one. This is often seen in the front of the lower pant leg when 
it is compressed upwards by the shoe in pants with no crease. 

A narrow V-shaped fold has sides making an angle of less than 90 degrees. The limit of this fold is when the 
cloth or paper is flattened so much that the two sides make a 180-degree turn at the hinge line, and the two wings 
are touching each other. If a narrow fold is compressed along its length, it will not disappear but will buckle instead, 
and become a fold of a fold, or compound fold. Examples include the sides of toothpaste tubes and potato chip 
bags, which are sharply V-shaped, and which always buckle into compound folds. 

When visualizing folds in clothing on a figure in action that you are drawing, whether a fold starts as a wide 
or narrow fold makes a key difference in how the folds will develop and how they should be drawn. Under com- 
pression along their length, narrow folds close and buckle, while wide folds open up and fold on a new axis. This 
knowledge is very helpful in creating convincing folds, and will be examined in more detail. 

A circular fold is one which in cross section is C-shaped, traveling back towards itself in a curve that is more than a 
half circle. If the two edges of the fold are sewn together, they form a sleeve. Circular folds are common in curtains and 
in full dresses. Their outer edge is usually rounded like the wide fold, but can also be more compressed like a narrow 
fold. This determines whether a given section of a circular fold flattens or buckles when compressed along Its length. 

When circular folds occur side by side in curtains and dresses, they interlock, with folds alternating between 
convex ones pushing outwards and concave ones pushing inwards. In curtains these folds differ from each other in 
size, but any single fold in the group will be roughly the same size in cross section throughout its length. In dresses 
and robes, the material becomes fuller as it descends, and the folds grow larger further down. Cross sections of 
each of the folds may be small and almost circular closer to the waist, and larger and wider lower down over the leg. 
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COMPOUND FOLDS 


If a simple fold is folded at a new angle it becomes a compound or second-order fold. Figure 2.9 shows a flat, rect- 
angular piece of cloth. Any horizontal pressure on the cloth will create a fold with a vertical hinge line. If vertical 
pressure is applied instead, a fold with a horizontal hinge line is created. If horizontal pressure is applied and this is 
followed by vertical pressure, a compound fold will be formed, as is shown. 
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2.9 When material is compressed in two axes at the same time, it adapts by forming a compound fold, which is a fold of a fold. 


Figure 2.10 shows the parts of a simple fold and of a compound fold. Simple folds are characterized by their round- 
ness, and compound folds are characterized by their sharpness and the sudden turn they make at the eye of the fold. 
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2.10 The parts of simple and compound folds are labeled. Note the contrast between the smooth, round, simple fold and 
the sharp angles of the compound fold. A simple fold has one hinge line, while a compound fold has four. 
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When an existing narrow fold is bent over into a new compound fold, its hinge line subdivides into two 
shorter hinge lines that meet at an angle. The new second fold has its own hinge line, which is in two parts, 
one in each layer of cloth. These lines meet at an angle, and may even be parallel to each other if the com- 
pound fold is bent over as far as possible. Where they meet, at the eye of the compound fold, the two parts 
of this new hinge line are connected by a strikingly short turn of the cloth. The two layers of the compound 
fold's hinge lines meet at the edge by the eye of the fold at exactly the same spot where the two sections of 
the original simple fold meet at an angle. The hallmark of a compound fold is the eye, where the first fold has 
had to begin to flatten to accommodate the second fold. While a simple fold has one hinge line, a compound 
fold has four hinge lines. 

A quick test of whether a fold is simple or compound is to check for an eye. This is where the original fold is 
flattening and a small crease has formed. If you look at a piece of paper that has not been handled carefully you will 
see the permanent creases left behind at the eye of each compound fold. Note that this angle is not the degree of 
the bend of the second-order fold, but the partial or complete flattening and turn of the cloth in the original simple 
fold. It forms so that the second-order fold will have a straight hinge line in both layers of the original fold. All of 
these hinge lines meet at the edge by the eye. 

Wide folds cannot become compound folds. In wide folds compression in two axes will open up the original 
simple fold, and then the flat area that has been created will bend into a second simple fold at right angles to the 
first. The wide fold may reappear further along. 

In clothing there Is always an attractive and complex interplay of simple and compound folds. The many actions 
of the human figure create a rich variety of folds, and the jagged edges of compound folds always form an interest- 
ing counterpoint to the smooth, flowing curves of simple folds. Capturing this contrast can be an interesting artistic 
pursuit (Figure 2.11). 
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2.11 Simple folds have long, smooth, flowing curves, while compound folds are angular. Compound folds have short, 
straight sections that are connected by small, tight curves that turn quickly. The sharp angles and contrasting values of the 
eyes of compound folds attract our attention. 
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THE EFFECTS OF GRAVITY 


Gravity creates and modifies many folds in clothing. Its pull causes clothing to sag towards the ground everywhere 
that it is not well supported by the body beneath it or by its own rigidity. This effect is most obvious in the largest 
and most loose-titting garments, like dresses, robes and capes. Gravity creates tension on parts of a garment that 
dangle directly downwards from a higher point of support. Areas of cloth that are supported from above but are off 
to one side swing inwards like a pendulum, compressing the cloth as every suspended part strives to be as directly 
below the point of support as possible. This is seen clearly in a towel hanging on a hook. If a garment is supported 
trom below — for instance if it is bunched on the ground — then gravity compresses the cloth under its own weight. 

For garments that are not loose fitting, gravity’s effects are less noticeable. For instance, the folds that form in 
a sleeve when the elbow Is bent are determined much more by compression than by gravity. The thicker and more 
rigid the fabric, and also the shorter the span of the unsupported cloth, the less effect gravity has on the shape of 
the folds. 


THE EFFECTS OF WIND 


Wind typically pushes cloth in a horizontal direction, unlike gravity’s vertical effect. The stronger the wind, the more 
it compresses clothing against the body on the windward side, while pushing it outwards on the leeward side. If 
the wind gets inside the cloth, for instance inside a cape, or blows the laundry on a clothesline, then it makes the 
cloth billow and flutter downwind. Wind has the greatest effect on thin fabric and large, loose-fitting garments. 


THE STRENGTH OF FOLDS 


Most thin materials can be folded easily. If something is already folded, the part with the fold is more resistant to 
being folded again. Cylinders and cones are structurally strong, and thus cloth in the form of a complete or partial 
cylinder or cone offers some additional resistance to compression, particularly along its length. Cloth is always less 
easily deformed if it is already curved. 

A paper tube can be used to demonstrate the strength of cylinders. If you try to compress is from end to end, 
you'll find that it’s difficult. Yet if the tube is cut along its length and opened up, it loses its structural strength, and 
compressing it becomes very easy. While cloth is much weaker than paper under compression, the principle still 
applies, and cloth that is curved or cylindrical will be more likely to hold its shape. 
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PARALLEL FOLDS 


The first of the two families of folds is the parallel folds. These folds all resemble cylinders or partial cylinders 
(Figure 3.1). If a sheet of paper is formed into a tube, it is a parallel fold. Parallel folds are so named because the 
straight lines that run along their length are parallel to each other — in other words, these lines never meet. All of 
these length lines are also parallel to the hinge line of the fold. Parallel folds can result from cloth lying over a cylin- 
drical shape, or from pressure that pushes the material evenly and bends it evenly. 

An important characteristic of parallel folds is that they stay the same size along their length. A parallel fold can 
come full circle and be sewn to Itself to form a sleeve or pant leg. 


3.1 Parallel folds resemble cylinders. 
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Parallel folds are found in any area of flat cloth that is evenly compressed. They are seen in a T-shirt over the abdomen 
when the torso is bent forward. They are also found wrapping around the cylindrical parts of the body, notably the limbs. 

Two parallel folds are parallel to each other if their hinge lines are parallel. A set of neighboring parallel folds is 
often formed when a constraint stops the compression from creating just one large fold. This constraint is typically 
gravity, an object obstructing the fold, or the cloth being held somehow on its sides. For example, cloth that’s lying 
flat on a surface (Such as a tablecloth lying on a table) will initially make one fold under even compression, but as 
the amount of compression increases, more folds will form because gravity is pushing down on the fold, and as the 
fold grows larger, it can't support its own weight. These folds are parallel to each other because they are all formed 
by the same even compression along their length. 

Being constrained on the sides can prevent a single fold from continuing to grow larger without subdividing. 
For example, a pillow folded in the middle could have just one large fold form in its bent center that takes up the 
slack of compression, but the sides of the pillow hold the cloth tight and don't allow this to happen. This forces 
what would be one large fold to become a number of smaller folds that are held closer to the surface of the pillow. 


SIMPLE PARALLEL FOLDS 


A parallel fold will always form when cloth is lying over a cylindrical object. Parallel folds are smooth everywhere 
with no sudden direction changes. Parallel folds shrink the area of the cloth in only one dimension relative to the 
original area of the cloth. 


The Hinge Line, Length Lines and Width Curves of Parallel Folds 


The hinge line is the furthest extent to which the cloth in a fold travels in a given direction before the curve of the 
fold sends it in another direction. If you examine a parallel fold, you can also find countless other straight lines run- 
ning parallel to the hinge line along the sides of the fold, each one being a certain distance up the hill at the same 
altitude, like a line on a topographic map. These parallel straight lines are the /ength lines of the fold (Figure 3.2). 
Similarly, there are countless curved lines that go over the hill and are all parallel to each other. These parallel curves 
are the width curves of the fold. They are at right angles to all the straight length lines and the hinge line. A feature 
of parallel folds is that all of these width curves are identical to each other. 


Length lines Z 


3.2 The length lines of a parallel fold are parallel to each other. The width curves are identical to each other in size and are 
parallel to each other. 


Width curves 
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Every parallel fold has straight lines in one direction and identical curves in the other. A piece of cloth that 
has a striped pattern on it can be folded so that the stripes run as length lines along the fold, or so that the 
stripes all run directly over the fold as width curves. Of course, the cloth could also be angled so that the stripes 
go over the crest of the fold at an angle, making the curves of the stripes longer and less direct than the width 
curves are. 


Connected Parallel Folds 


Applying even pressure sometimes causes several parallel folds to form as neighbors in a group. As they interlock 
with each other, they alternate between having their convex and their concave sides up, in a sequence of hills 
and valleys (Figure 3.3). A common example of connected parallel folds is found in corrugated cardboard, which is 
composed of three sheets of paper. The central piece of paper is a series of many small connected parallel folds, 
and this layer is sandwiched between and glued to two flat sheets of paper. The corrugated central sheet makes 
the cardboard structure rigid and much stronger than it would be otherwise. 


co 


3-3 Connected parallel folds curve up and down like waves. Their hinge lines run alternately in hills and valleys. In the line 
drawing the valleys are solid and the hills are dotted. 


Flowing Curves 


The edge of a group of parallel folds makes a winding flowing curve, also called a serpentine curve. This curve can 
be even or quite irregular. Flowing curves are an attractive element of folds. The curve along the edge may be a 
width curve of the fold, or it may be much longer if the edge does not run parallel to the length lines and hinge line 
of the fold (Figure 3.4). If a towel hangs on a rod such that its edges are not square with the floor, then its edge 
folds will be very long and flowing. This is also true of drapery slung over a shoulder. Hems of dresses and robes 
are among the most common locations of flowing curves. 
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3.4 Flowing curves often form where folds end at edges. If the edge of the cloth is on a diagonal to the hinge line, then the 
curve is longer and more gradual than if the edge is at a right angle to the hinge line. 


Flowing curves are a characteristic of the edges of cloth where there are simple parallel folds and radial folds, 
but they are not a characteristic of compound folds. In compound folds the edges do not curve smoothly, but 
consist of short straight segments of varying length that meet at various angles and give a somewhat sawtooth 
appearance to the edge. Often the flowing curves of simple folds contrast with the angular zigzag patterns of 
nearby compound folds. 


Cylindrical Cloth Tubes 


Components of clothing such as sleeves and pant legs are tubes and funnel shapes made of cloth, as are the 
bodies of jackets, coats, skirts, dresses and the fingers of gloves. If two opposite edges of a rectangular piece of 
cloth are sewn together, the result is a cylindrical cloth tube. Of course, the cloth must be supported to maintain 
its cylindrical shape, otherwise it will collapse under the influence of gravity. 

You can also think of a cloth cylinder as two single folds attached back-to-back, or even as four simple folds 
attached to each other. Thinking of sleeves and pant legs as four simple folds joined together can help you more 
clearly imagine what happens to each side of the tube as it is subjected to tension and compression. These folds 
are parallel to each other if the tube Is cylindrical, but if the tube is tapered into a slight funnel shape (as sleeves 
and pant legs usually are for a better fit), the simple folds are slightly angled to each other. The more funnel-shaped 
a cloth tube is, the more its parallel folds become radial folds. 

Gravity always makes the tube shape of a sleeve or pant leg lie close to the top surface of a limb, and hang 
down in a parallel fold below the limb. This is important when drawing seated figures and figures with outstretched 
arms or legs (Figure 3.5). 
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3.5 Cloth can be sewn to form a tube for sleeves and pant legs. Gravity puts the cloth in contact with surfaces facing up, 
while making it hang freely on the sides and below. 


Parallel Ridge and Valley Folds 


A single parallel fold is often found in the company of two smaller secondary single folds, one on each side of it, 
and all are parallel to each other. The two small folds on the sides allow the cloth tube to bend back on both sides 
of the main fold to rejoin the plane of the cloth from which it was formed. This group of three parallel folds is a 
ridge fold (Figure 3.6). 


3.6 A ridge fold forms when even compression is applied to cloth that is lying or hanging flat. 


A ridge fold can be wide or narrow, and this can vary along Its length. A wide ridge fold will flatten somewhere 
if compressed along its length, and then form a simple fold across the flattened area, while a narrow ridge fold will 
become a compound fold. 
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A ridge fold may also be found in a piece of cloth that faces away from the observer, particularly if the cloth is 
hanging, as in a dress, a robe, drapes or a dangling towel. It will appear as either a rounded valley or a valley with a 
sharp turn at its deepest point. Sometimes a ridge fold inverts so that the ridge becomes a valley. 

Ridge folds often occur in groups over a broad surface where cloth is under pressure (Figure 3.7). This occurs 
in a shirt over the abdomen when a person bends forward. Ridge folds can also be found in sheets and blankets 
that have been spread out unevenly on a bed, and are reminiscent of mountain ranges in miniature. The folds are 
of varying sizes, and are never perfectly parallel. 


3.7 Even compression forms ridge folds in the plane of the cloth. Gravity will force a large ridge fold to collapse into two 
smaller ridge folds. 


Shear Folds 


Shear folds are formed when cloth is pulled tight on a diagonal axis, while across that axis the cloth is compressed 
(Figure 3.8). They are similar to connected parallel folds, but shear folds always arise when there is tension on cloth- 
ing diagonally across the side of a limb or the torso. 
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3.8 Tension on a diagonal coupled with compression at a right angle to that diagonal creates shear folds. 


Shear folds are common in clothing on the figure (Figure 3.9). There are shear folds pointing towards the knees 
and running diagonally along both sides of the seams of the legs of pants when a person Is seated. There is often 
one large shear fold that crosses the seam, and smaller ones that stop when they reach the seam, which is thicker 
than the surrounding fabric and more resistant to folding. Shear folds are also found on the sleeves and on the 
sides of jackets, shirts and dresses. When the arms are flexed, they run diagonally on the sleeve, pointing at the 
elbow, along the sides of the arm and forearm. 


3.9 Many actions of the figure pull fabric diagonally while at the same time compressing it at a right angle to the diagonal, 
creating shear folds. 
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Overlapping or S Folds 


Sometimes cloth is compressed and slides over itself. In cross section this fold looks like the letter “S, and is 
called an overlapping or S fold (Figure 3.10). These folds are usually quite flattened, and they hide some cloth 
from view. An S fold can be thought of as two linked parallel folds pointing in opposite directions. They are 
most often found as a component of telescoping folds (Figure 3.11). These are looked at in more detail in a later 
chapter. 


3.10 As one parallel fold slips over another, an overlapping or S fold is formed. S folds are found in collars and sleeves. 


3.11 S folds are often found in clothing when an arm or leg is raised and a telescoping fold forms. A telescoping fold 
consists of shear folds on the sides of a limb that are joined on the top by an S fold. 
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COMPOUND PARALLEL FOLDS 


A parallel fold can become a compound fold by being folded either into a second cylinderlike parallel fold 
or into a cone-like radial fold (Figure 3.12). In both cases the edge will not be smooth, but will be formed 
of short straight segments that meet one another at abrupt turns, and along this edge we will see a series 
of compound fold eyes. The second fold does not have to be at a right angle to the first, but can be at 
any angle. 


Compound Fold: 
Parallel of a Parallel 4 


Simple 
Parallel 


Fold 


Compound Fold: 
Radial of a Parallel 


3.12 A parallel fold can be folded into a compound fold as either a parallel or a radial fold. In both cases its edge is formed 
of straight segments connected by short turns. 


The edge curve of a simple parallel fold stays even, but the outer edge of a compound parallel fold will push 
outwards at the eye as the cloth flattens. Just beyond each small flattened curve where the compound fold makes 
its quick turn, the original simple fold maintains much of its original roundness. The pointing outwards at the eye 
accentuates the fact that compound folds are more angular than simple folds (Figure 3.13). The more the two 
wings remain rounded, the more they will have the characteristics of simple folds. 
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Simple fold with Compound fold with 
even edge eye protruding 


3.13 The simple parallel fold on the left folds smoothly and evenly. The compound fold on the right pushes outward at 
the eye as the cloth suddenly flattens, makes its quick sharp turn, then straightens out again past the bend to return to the 
roundedness of the original simple fold. 


The protruding eyes of compound folds are often prominent in garments made of non-stretchy fabrics, such 
as casual jackets. When the elbows are bent, the eyes point outwards at sharp angles in the figure’s silhouette 
(Figure 3.14). 


3.14 In garments that are not stretchy the eyes of compound folds are prominent in the figure’s silhouette. The most 
obvious location is at the bent elbow. 
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Compound folds are often not folded all the way, and in these cases the eyes and the protruding corners are not 
as prominent, but are still noticeable. If another compound fold occurs soon along the edge of the original fold, it 
will restrain that wing from flaring as much as it would otherwise do, keeping it more flattened and reducing how 
much the eye pushes outwards. 


Bent Folds 


The cylinderlike shape of a long, narrow parallel fold gives it some strength and resistance to bending. But if there 
is enough pressure along its length, it will respond by folding into two or more subsections of the original fold that 
are at an angle to each other. Each place where the original fold buckles is a bent fold, and it is a compound fold 
because it is a fold of the original fold (Figure 3.15). 


Eye 


Eyes 


3.15 Compression along the length of a narrow parallel fold causes buckling and produces bent folds, which are compound 
folds and have straight sections and sharp turns. 


These are called bent folds because the subsections that remain are straight and meet at an angle, now hav- 
ing an appearance something like a bent rod. The hinge line of this new fold runs across both layers of the original 
fold. Where these two hinge lines meet, there is a sharp crease in the material where the top hinge line connects 
to the lower hinge line by making a dramatic turn at the edge. We often see a bent fold in the crease in a pant leg 
over the shin. The top of the shoe often presses up against the parallel fold of the crease and forces it to fold into 
angled subsections. 

If a narrow parallel fold is in a horizontal orientation without much support, gravity or another force can make it 
bend. If a bent fold appears to curve as it arcs downward between its two high points of support, you can see on 
closer inspection that there is not actually a curve but a sequence of fairly straight segments. This is most clear in 
fabrics that have little elasticity. If the fabric is stretchy, the folds are more rounded. 

A half-empty bag of potato chips that has been rolled up will have bent folds along its sides. Rather than being 
a smooth curve, the edges of the package will be rolled in a series of small straight sections at the edge. Collars 
usually have bent folds along their edges. This is because they are first folded over and then they curve around the 
neck, creating compound folds. Bent folds have longer straight sections and are more obvious in thicker fabrics. 
They are always found in rolled-up sleeves and in hems. 
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Zigzag Folds 


When a narrow parallel fold undergoes compression along its length, it will bend. Often the cloth is constrained 
on the left and right, as is the case with sleeves and pant legs. If there is additional compression along the 
fold, it must bend further, but the single bend in the fold cannot push any further to one side because of the 
clothing’s constraints. So one or more additional bends will occur in alternating directions. These are zigzag 
folds (Figure 3.16). 


3.16 Compression along the length of a parallel fold often causes zigzag folds to form. The segments that arise between 
the folds are quite straight, and stay narrow and more tightly folded where the distances are short, only becoming broad and 
rounded in longer segments. 


Each bend in a zigzag fold is a compound fold. Each adjoining pair of straight segments meets to form a 
single bent fold. At each bend the cloth is flattened to allow for a very straight hinge line in the doubled cloth 
of the original fold. Bent folds and zigzag folds are similar to each other. The only difference lies in whether 
the angles of the folds alternate or continue to turn in the same direction. Zigzag folds can be found along the 
edges of bags and tubes. 

Each short segment of a zigzag fold maintains the very straight character of the hinge line of the single fold 
that it was originally, although it will now be more narrow. These segments vary in length. The middle of each 
segment is less constrained than its ends and retains more of its original rounded shape. This is most true of 
the longer sections, and is an essential and attractive characteristic of well-drawn folds. The shortest segments 
are the narrowest, with obvious flattening and minimal flare. The pressure that forms a zigzag fold can be even 
or uneven (Figure 3.17). 
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ASK 


Even pressure Uneven pressure 


3.17 The compression that turns a parallel fold into a zigzag fold can be the result of even pressure or uneven pressure. If 
the pressure is even, the compound fold is a parallel fold; if the pressure is uneven, the compound fold is a radial fold. 


Zigzag folds can be subtle with slight angles. Greater compression will make the zigzag fold’s angles sharper, 
and the line segments shorter, if the sides of the material are constrained. 

We usually think of zigzag folds in term of their convex crests, but if the crest of a zigzag fold faces away from 
you, then the concave underside of the zigzag fold will be visible. It is a zigzagging channel at the bottom of the 
valley of the fold. The edges of both bent folds and zigzag folds will dip between eyes as the original fold is free to 
retain more of its original curvature. This happens more with stretchy materials (Figure 3.18). 


Parallel fold 


Zigzag fold 


3.18 Bent folds bend once or more to the same side. Zigzag folds alternate left and right bends. Both have eyes and can have sharp, 
pointed corners. Between the compound folds the original simple fold retains more of its curvature, and dips if the material is stretchy. 
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Because clothing is so often compressed in two directions, zigzag folds are very common. Zigzag folds often 
form in the ridges that arise along the length of clothing on the limbs. When drawing zigzag folds from your imagin- 
ation, remember that increases in compression cause a zigzag fold to form more segments and sharper angles. 
Also remember that a tighter fit means more short segments and a looser fit means fewer segments, and they will 
be longer. Zigzag folds can become quite compressed, and can develop sharp angles (Figure 3.19). 


3.19 Greater compression makes zigzag folds more sharply angled. 


A creased pant leg resting on a shoe has zigzag folds in the crease (Figure 3.20). From the side we see the zig- 
zag in profile. Its edge is a distinctive zigzag of short straight segments of differing lengths. A zigzag fold can also 
appear at the knee when the legs are straight and the pants are a tighter fit. 


3.20 Zigzag folds are usually found in the creases of pants. 
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A zigzag over a broader area, such as the side of the torso, often consists of long segments at sharp angles 
to each other. Zigzag folds are common in shirts along the sleeves and bordering the armpit when the arm is 
down. They can also occur on the outside of the arm and the leg if the clothing is quite loose. For pant legs, zig- 
zag folds can appear down the front, back or side, or inside, depending on the pose and how loose the pants are 
(Figure 3.21). 
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3.21 Zigzag folds are always found in loose clothing and at joints that are bent. 


Cloth is often seen forming two planes that meet at an edge. This could be an edge of a table or bed, or along 
a less well-defined edge. If there is no compression, then the line where the planes meet will be fairly straight 
and even. But if there is compression, then the edge where the planes meet will become a zigzag fold with folds 
interlocking. Emphasizing this zigzag when building interlocking folds can help you design them more quickly and 
more convincingly (Figure 3.22). 
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3.22 If atablecloth is compressed along one of the edges of the table, it forms zigzag folds along this line. 


If a dress, blanket, drapes or other cloth item is not hanging freely but touches the floor and changes direction, 
there will be a zigzag fold if the cloth is compressed from the sides at this turn. In Figure 3.23 we see the zigzag 
fold from the concave “valley” side. 


3.23 When a dress, a robe or drapes encounter the floor and are forced outwards, a zigzag fold often forms. Here we see 
the valley of the zigzag fold, and not the crest. 


44 


Chapter 3 | Parallel Folds 


A shirt, blouse, dress or robe that hangs past a belt before going under it will form a zigzag fold as it circles the 
figure. This is because the circumference of the garment at the waist is greater than the waist size of the wearer, 
so the garment is compressed horizontally around the figure. This compression is resolved by the formation of 
zigzag folds (Figure 3.24). 


3.24 When a loose-fitting garment overhangs a belt, the S fold of the loose fabric is compressed into a zigzag fold. 


Flattened Bent and Zigzag Folds 


Bent and zigzag folds are segmented. Where any two segments meet, the angle formed can be large or small. 
The angles that the cloth adopts are determined by the constraints on the cloth, including gravity, the shape of the 
garment, and the shape and pose of the figure. The hinge line at each of these compound folds may be at a right 
angle to the original narrow parallel fold, or it may be at another angle. 

Two connected segments can also be flattened so that they touch each other, as is often the case when grav- 
ity pulls down on a bent or zigzag fold in a shawl or cape (Figure 3.25). This forms an attractive pattern. Although 
flattened, even the short segments flare out a little to a more rounded shape in their centers, while the longer 
segments flare out more. The end segments flare out most of all, especially in resilient and thick materials. 
Flattened zigzags and the flaring of sections were used to great effect by artists of the Renaissance and later 
periods. 
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3.25 A zigzag fold can be flattened while retaining its zigzagging character. Short segments are constrained and will flare 
the least in their middles, longer segments will flare more, and the end sections will flare the most. 
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RADIAL FOLDS 


The second of the two families of folds is the radial folds, which resemble cones or parts of cones rather than 
cylinders. A funnel made from a sheet of paper is a radial fold. They are called radial folds because all the straight 
length lines radiate outwards from the same starting point. Unlike parallel folds, none of these length lines are 
parallel to each other. Radial folds form when cloth is wrapped around a cone-shaped object, and also when cloth 
is compressed unevenly (Figure 4.1). Radial folds are not usually complete cones, and they are often less than half 
a cone. A radial fold that comes full circle and meets the other edge of a piece of cloth forms a funnel shape that 
can be sewn into a sleeve, a pant leg or a skirt. 


4.1 A radial fold forms when uneven compression of cloth causes it to rotate around a point on its surface. 
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SIMPLE RADIAL FOLDS 


In clothing radial folds form when uneven compression causes the cloth to rotate around a point on its surface. 
It curves into a cone or a partial cone. The rotational compression pulls the cloth around the Z-axis that is perpen- 
dicular to the plane of the fabric and intersects it at one point. As the radial fold forms, the surrounding cloth is also 
drawn up. It becomes a larger, shallower radial fold (Figure 4.2). 


Large shallow 
radial fold 


Small angular 
radial fold 


4.2 A radial fold will form if cloth is compressed unevenly so that it rotates around the Z-axis that rises from the cloth. As a 
small radial fold forms between the two points that are moving towards each other, the surrounding plane of cloth is drawn up 
into a broader, shallower second radial fold. 


Uneven pressure will create a pair of radial folds: the smaller, sharper and more central primary fold, and a 
broader and shallower secondary fold surrounding it. These two paired folds share the same point of origin. 

The tail of a radial fold becomes smaller until its tip disappears into the surface of the cloth at the point 
where these neighboring radials begin. As the rotational compression centered on this point continues, 
the point becomes the eye of a compound fold. The only occasion when one radial fold is not automatically 
seated within another is when there is no point at the end of the radial fold because the cloth does not 
extend that far. 

Although the spot where these two paired radial folds meet is a compound fold, it is more important to concen- 
trate on the larger parts of the radial fold when drawing it. 


The Hinge Line, Length Lines and Width Curves of Radial Folds 


Recall that the length lines of parallel folds are all parallel to the hinge line, and the width curves are all parallel and 
identical in size to each other. Radial folds are quite different in character. In every radial fold the length lines all 
radiate from the same point as the hinge line, like spokes, and are not parallel to each other (Figure 4.3). This is the 
key to recognizing radial folds. 
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Length lines 


Width curves 


4.3 Radial folds have length lines that converge on one point. The width curves are parallel to each other but shrink evenly 
as the length lines converge. 


The angle between two length lines can be any size from very acute to very obtuse. Radial folds always start 
from nothing and grow larger along their length, some quickly and some slowly. The hinge line of a radial fold is 
the length line that runs up the crest of the hill as it rises, or if viewed from the other side, is at the bottom of the 
deepening valley of the fold. 

The width curves are all parallel to each other, but they grow In size at an even rate as we move from the starting 
point of the radial fold. The width curves are centered on the imaginary line around which the radial fold curves, a 
line which is like the wick of a cone-shaped candle, and no two width curves are the same size. 


Basic Radial Folds 


The longer and more rounded a radial fold is, the more its partial cone shape rises above the level of the plane 
where it originates. This surrounding area now forms a broad, shallow radial fold that is centered on the same point 
as the smaller and more well-defined radial fold that it contains. Figure 4.4 shows a wide radial fold and the accom- 
panying line drawings show schematically where the hinge lines are, with the dashed lines indicating the crest of 
a hill and the solid lines indicating the bottom of a valley. The larger radial fold has broad, smooth curves, while the 
smaller radial fold within it has sharper folds that are more noticeable. 
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4.4 These are two views of a smaller radial fold seated within the wider cone of the secondary radial fold that surrounds it. 
The line drawings show the hinge lines. 
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A radial fold can be wide or narrow to varying degrees, just like a parallel fold. A wide radial fold is weaker and 
can be flattened more easily. A narrow radial fold is stronger, and if it is compressed along a new axis, it will bend 
into a compound fold. 


Funnel-Shaped Cloth Tubes 


If a piece of cloth has edges left and right that are not parallel to each other, and they are brought together and 
sewn, the result is a piece of cloth in the shape of a funnel. Sleeves and pant legs are usually slightly funnel-shaped 
(Figure 4.5). The funnel itself is a radial fold that rotates a full 360 degrees until it rejoins itself at the seam. It can 
also be considered to be several radial folds that are all smoothly attached to each other. Naturally these shapes col- 
lapse unless they are filled and supported by the limb inside. Because funnels have their tails cut off, no compound 
fold forms at the tip of a funnel-shaped radial fold. 


4.5 Cloth is often cut and sewn to form funnel-shaped pieces to better fit the human form. These funnels are radial folds 
because funnels are based on cones without tips. 


Radial Ridge and Valley Folds 


Radial ridge and valley folds are radial folds that are long and narrow. The radial fold can have either its convex hill 
surface or its concave valley surface facing outwards. In Figure 4.6 we see a narrow radial ridge fold emerging 
from a convex valley, as well as the view of the underside, which is a narrow valley deepening and widening in a 
hillside. 
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Radial ridge fold Radial valley fold 


4.6 On the left, a narrow radial ridge fold emerges from the surface of the concave valley of the cloth. On the right is a view 
of the underside of the same fold. Here a radial valley fold emerges from a convex hill. 


A radial ridge fold is often long and grows so slowly that warping of the surrounding cloth is too slight to be 
noticeable or disappears due to the stretchiness of the fabric. Either the crest or the valley of such a radial ridge 
fold may face the viewer. Radial ridge folds often form in broad areas of cloth, as can be found in shirts and coats. 

Radial ridge folds consist of a primary central fold flanked by two small secondary radial folds that allow the 
primary fold to rejoin the broader surrounding cloth from which the primary fold arises. Ridge folds are irregular 
because the pressure creating them varies along the length of the fold. 

Radial valley folds often appear when cloth hangs freely and is compressed to some degree in its lower section, 
usually by gravity (Figure 4.7). Radial ridge and valley folds will alternate with each other and grow as they descend. 
In a full dress, the ridges and valleys will alternate all the way around the garment as they interlock in a flowing 
curve. Radial ridge folds are common in loose-fitting sleeves, pant legs and dresses. They are also found in large 
flat pieces of cloth that are not spread or hanging evenly. Examples are towels, sheets, blankets and bedspreads. 
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4.7 Long, hanging radial folds often occur when cloth hangs freely over an edge or rail, or is otherwise suspended. 
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Fan Folds 


Groups of hanging radial folds are fan folds. There may be any number of radial folds, all sharing a point of origin and 
fanning out in various directions. They interlock with each other, alternating between hills and valleys. In Figure 4.8 


we see some simple fan folds. There is great variety to the size of fan folds and to the number of folds that occur 


m~ 


in the group. 


— 


Interiors of fan folds 


— 


Exterior of fan fold 


4.8 Inthe image on the left, fan folds spring from a common point of origin. On the right are views of the interiors of two fan 
folds, where the spouts are concave grooves arising from a concave surface. 


If a piece of cloth is draped over a post, gravity pulls the unsupported parts of the cloth downward and they 
swing inward under the support. If not otherwise constrained, these fan folds will interlock in an alternating series 
of ridge and valley folds that fan outwards and enlarge as they fall further from their point of support (Figure 4.9). 
Often a radial fold that is hanging down will subdivide into two radial folds under its own weight. 
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4.9 Gravity causes fan folds to form in hanging drapery. The cloth is pulled downward and swings inward beneath its support. 


Fan folds are often found in robes and dresses, and at the corners of tablecloths and bedspreads. The folds may 
be quite even and create a star shape, or they may be irregular. At a bent elbow or knee, a sleeve or pant leg can 
have eight or more folds fanning outwards, although generally some of them are much more prominent than others. 

Fan folds form in a towel that is hanging on a hook. The edges and corners are pulled down by gravity and swing 
inward below their support. Flowing curves form at the edges of the cloth (Figure 4.10). The highest edge forms a 
V with its vertex on the hook. The three other edges form flowing curves. 


Three 
flowing 
curves 


4.10 A towel hanging on a hook forms fan folds. The top edge forms a straight-edged V, while the other edges form flowing curves. 
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COMPOUND RADIAL FOLDS 


Radial folds usually occur in pairs, one within the other, and they form a compound fold at the point where they 
both originate. This type of radial fold is common at flexed joints. For some radial folds the rotation point is not on 
the cloth, such as when a blanket is wrapped around someone's shoulders and forms a funnel shape. In these 
cases the radial fold is not part of a compound fold. 

With paired radial folds, a small crease appears where the hinge line of the first radial fold is intersected by the 
hinge line of the second fold. This is the eye of a compound fold. The existence of an eye in the fold is always con- 
firmation that it is a compound fold. The more angular the radial fold, the more dramatic this feature is. In materials 
that are not resilient, such as paper, many small permanent creases are created by compression due to small radial 
folds having been formed through rough handling. 

Another way an existing radial fold can become a compound fold is by being folded either into a cylinderlike 
parallel fold or into another cone-like radial fold (Figure 4.11). This may be because the cloth is draped over a 
limb, or because of compression applied to the cloth. The second fold may be at any angle to the first fold. The 
edge of a compound fold never curves smoothly, but will always curve in a series of short, straight segments 
that meet one another at abrupt angles. Where these segments meet we see the eyes of compound folds. You 
can often see compound folds of radial folds in radial ridge folds. Another example is a soft, pointed hat that is 
bent to one side. 


Compound Fold: 
Parallel of a Radial 


Simple NY 
Radial p 
Fold iÀ 


Compound Fold: 
Radial of a Radial 


4.11 A radial fold can be folded into a compound fold as either a parallel or a radial fold. 
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A long, narrow radial fold that grows slowly may look and behave almost like a parallel fold. It can become a 
zigzag fold if there is pressure along its length. For instance, along the front of the shin a pair of pants may form a 
long, thin radial fold that is compressed upwards when it meets the top of the shoe. The simple fold is forced to 
create a bent or a zigzag fold. 


The Same Compound Fold Created in Two Different Ways 


An interesting observation is that when rotational compression creates a set of two radial folds, it has also cre- 
ated a compound fold at its tip in a single step. This is an interesting connection between parallel, radial and 
compound folds. 

We normally think of a compound fold as being the result of the two-step procedure of folding a piece of cloth 
and then folding it again at an angle to the original fold (Figure 4.12). 
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4.12 A compound fold can be created in two steps by folding on two intersecting hinge lines in sequence. 


But a compound fold can be created in just one step as uneven pressure creates a radial fold. A compound fold 
is created by folding the plane first along the X-axis and then again along the Y-axis. If instead we compress the 
material by moving the left and right sides towards each other at one end of the cloth, it rotates around the Z-axis 
(which sticks up like a pole planted in the middle of the cloth). If there is enough compression, the cloth folds over 
into a familiar compound fold (Figure 4.13). This can easily be demonstrated with a piece of paper. 
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4.13 A compound fold can be created in one step by rotating two parts of the cloth together about an axis vertical to the cloth. 
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Folds are not usually found singly, but are surrounded by neighboring folds that they are connected to. This chapter 
looks at the patterns of these interconnections. Folds interlock at the line where two broad areas of cloth that are 
at different angles and already contain folds meet. The way in which they interlock has a simple geometry that is 
the same regardless of whether the folds involved are parallels or radials or both. The zigzagging pattern that occurs 
along the edge where they meet can vary in size and angularity, and can be even or uneven. There is variety to the 
shapes of interlocking folds in clothing, but the folds follow a simple pattern (Figure 5.1). 


5.1 Interlocking folds occur on the sleeves, under the arms and between the chest and the side of the torso. The types of interlocking 
folds illustrated are, from left to right, radial-parallel, radial-radial, and parallel-parallel. They interlock in a similar manner. 
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INVERTED FOLDS 


When a single fold inverts completely, so that what was the crest abruptly becomes the valley of the fold, and 
what was the valley becomes the crest, an inverted fold is formed. Where these two folds meet there is an angle 
change, as a hill-side-up simple fold interlocks with a valley-side-up one. This sudden and dramatic inversion of the 
shape of a single fold often occurs when the cloth has curved around a limb (Figure 5.2). 


5.2 An inverted fold suddenly changes from a hill to a valley whose hinge line is angled to the original line. It can also be 
seen as one fold splitting into two. 


Another way to look at an inverted fold is as a single fold subdividing into two smaller radial folds. These two 
smaller folds always have a narrower ridge and a more acute angle between the wings because they are more 
tightly spaced than the original fold which, being by itself, did not have to share space with another fold. The valley 
between the two radial folds is not as sharp as the two radials themselves. 

An inverted fold on a sleeve or pant leg is formed in a specific order. The first fold to form is actually the smooth, 
gradual turning of the cloth as it circles the limb. The second fold is caused by compression along the axis of the 
limb and is angled across the limb. The small parallel folds that start to form to absorb the compression cannot have 
long hinge lines because they are constrained and cannot move far from the surface of the limb. So they split into 
two folds at a new angle that more closely follow the curvature around of the limb. Intricate groups form in this 
way. These folds are found in almost any sleeve. 
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TWO PARALLEL FOLDS INTERLOCK 


A single fold interlocks perfectly with a second single fold at an angle to it, as can be seen in Figure 5.3. The inter 
locking is not symmetrical, as the parallel folds on the two sides are out of step with each other. If there are several 
folds meeting, a zigzag fold forms where they meet. 


5.3 Two simple parallel folds meet and interlock. 


INTERLOCKING GROUPS OF PARALLEL FOLDS 


A set of parallel folds can interlock perfectly with another set of parallel folds at an angle to it (Figure 5.4). The zigzag 
line where the two sets of parallel folds meet is always sharper than the folds themselves because these short 
segments are constrained at their ends. The geometry of this fold enables the cloth to turn a corner in order to wrap 
around a form horizontally at the same time as It is compressed vertically. 
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5.4 Two sets of parallel folds meet and interlock, forming a zigzag fold at their juncture. The diagram shows the hill crests as 
dotted lines and the valley bottoms as solid lines. 
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Another way to visualize this fold is to imagine a piece of cloth folding along a line to turn a corner, and then 
being subjected to pressure along that line. This creates a zigzag fold along the line. This can be demonstrated by 
bending cloth or paper over the edge of a table, and then compressing It along its hinge line. When drawing inter 
locking parallel folds, it's easiest to draw the zigzag where they interconnect first, and then draw the other folds 
that meet there. 

Interlocking parallel folds can be found on classic briefcases and on expandable folders. Interlocking folds also 
appear wherever compressed cloth has to curve around a cylindrical shape, such as in sleeves over the arm and 
pants over the leg. 


PARALLEL FOLDS INTERLOCK WITH RADIAL FOLDS 


A set of parallel folds will also interlock with a set of radial folds at an angle to It (Figure 5.5). Where they meet, they 
form a zigzag fold. Acommon form of this fold is found at each side of a bent tube fold at a flexed joint, such as the 
knee, as is described in the next chapter. 


5.5 Aset of radial folds meets a set of parallel folds and they interlock, forming a zigzag fold. 


INTERLOCKING GROUPS OF RADIAL FOLDS 


A set of radial folds can interlock well with another set of radial folds, as shown in Figure 5.6. Shirtsleeves and 
pant legs can have a complex set of interlocking parallel and radial folds when they are bunched from compression 
at the wrist or ankle. The resulting folds can form an intricate and attractive pattern, which artists have painted for 
centuries. 
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5.6 Two sets of radial folds meet and interlock, forming a zigzag fold. 
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COMPLEX FOLDS 


In earlier chapters we've looked at the two families of folds: the parallels and the radials, both as simple folds and as 
compound folds. Drawing individual or small groups of parallel and radial folds can solve the problems of compres- 
sion of cloth in many situations. But sometimes larger groups of folds are necessary, for instance when clothing is 
compressed at a flexed joint. In these situations, groups of parallel and radial folds work together to provide geo- 
metrical solutions, and more complex patterns arise. Fortunately, by learning to draw just a few complex folds you 
will have the skills to deal with many common situations found in clothing. 

The patterns of complex folds are recognizable and predictable, and they help to make a drawing look natural 
and believable, while accentuating the action of the figure. These patterns recur because the circumstances that 
cause them to form are very common. 


DITCH AND BRIDGE FOLDS 


A wide single fold that is approximately a half cylinder can be compressed from the ends. Often a flattened section 
forms in the middle of this fold, and in this flat area a new hinge line is created (Figure 6.1). The new hinge line 
allows the cloth to adapt to the compression by folding here to whatever degree the compression requires. The 
original hinge line running the length of the half cylinder is now broken into two sections that meet at an angle. If 
the flattened area buckles upwards, the new hinge line is at the crest of a new hill; if it buckles downwards, the 
new hinge line is at the bottom of a new valley. 
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6.1 When a fold that is shaped like a half cylinder is compressed along its length, a section in the middle often flattens and a 
new hinge line appears here. The new fold absorbs the new compression. 


Sometimes slight compression creates a new hinge line that does not reach the edges of the cloth of the half 
cylinder, and it ends in the curves of the original fold. This is called a ditch fold if it is a roughly almond-shaped inden- 
tation in the hill. When looking at the valley side of the original fold, the new fold that spans it resembles a bridge 
crossing a valley (Figure 6.2). This is a bridge fold. Both of its ends merge into the sides of the valley. There is no 
difference between the shape of ditch and bridge folds, just a different appearance as viewed from the top and the 
bottom. Ditch and bridge folds can occur in radial folds as well as in parallel folds. 
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6.2 Ditch and bridge folds can form when there is compression along the length of an existing simple fold. Their hinge lines 
do not reach the edges of the cloth. 
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There is an interesting relationship between radial folds and ditch folds. A ditch can be seen as a compound fold 
attached to a mirror image of itself. Often folds can be understood in two different ways (Figure 6.3). 


6.3 Ditch and bridge folds can be seen as being formed from two connected radial folds that are mirror images of each other. 


Ditch folds form behind flexed knees in pants, and in sleeves inside the elbows when the arms are flexed, as 
well as on the upper part of a jacket sleeve when the arm is raised. Ditch folds can also be found in the leather on 
the top of a shoe at the point where the toe begins. These are most prominent when the toes are raised, com- 
pressing the leather. A ditch fold often appears at both the front and back of a boot at the ankle joint. These folds 
become more prominent as the joint is flexed or extended more. 

Bridge folds can often be found where cloth is temporarily unsupported over a short span, as when a dress or 
robe is unsupported as it spans the thighs, and sometimes between the breasts in a loose-fitting blouse or T-shirt. 
These bridge folds can be long enough to bend or zigzag like a ridge fold from compression or gravity. In some 
fabrics the long ridge folds hanging from a dress or robe will have a few small ditch folds denting them here and 
there and catching the light (Figure 6.4). 
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6.4 Ditch and bridge folds are common in clothing. Sometimes bridges are seen as small horizontal indentations in hanging 
radial folds, where their angles allow them to catch the light. 
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BENT TUBE FOLDS 


When a cylinder of any type is folded over, it makes a very distinctive bent tube fold (Figure 6.5). It flattens and 
widens as much as possible to allow bending at a new hinge line. This is true of soda cans, pipes and paper tubes, 
as well as sleeves, pant legs and boots. Both the front and back of the cylinder try to flatten, and two parallel hinge 
lines form. If bent all the way, the front and back of the cylinder touch each other along the full length of their two 
hinge lines, which are compound folds at their ends. Here the cloth turns abruptly at 180 degrees. The inner surface 
of a folded cylinder is always a ditch fold. 


Crease 
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6.5 Bending a tube of any kind always creates a bent tube fold. It flattens and widens to create hinge lines on both front 
and back. 


Prominent bent tube folds occur in clothing at the elbow and the knee joints when they bend. The limb within a 
sleeve or pant leg often stops the fold from reaching its limit of long, straight uninterrupted hinge lines at the front 
and back of the cylinder where it folds. Sometimes a puppet or doll will have its hands stitched to sleeves that are 
empty. When the elbows are bent, they appear as unrealistic-looking extreme bent tube folds in which the total 
flattening reveals that there are no arms inside. 
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Bent tube folds are found in sleeves and pant legs at the joints. In clothing, our view is usually of the convex 
outside of these cylinders. In Figure 6.6 one half of a bent tube is shown. The orientation is as it would be in a pant 
leg over the knee, with F indicating the front section that covers the knee. Notice the prominent hinge line that 
appears in this fold. The mirror shows the view of this half of the bent tube fold from within, but this view is not 
often seen. We sometimes see the concave interior in hanging folds in dresses, robes and curtains, and bent tube 
folds can occur when this concave fold hits the floor and changes direction. 


Outside 
front 


6.6 The front half of a bent tube fold is shown bending, and the new creased hinge line comes towards us, as it would in 
pants covering the flexed knee. F indicates the front of the knee. The mirror shows the inside view. 


In Figure 6.7 the back half of a bent tube fold is shown. Notice the prominent hinge line where this side of the 
tube bends. In clothing we also see this view of the convex side of the fold behind the kneecap and in the crease 
of the elbow. The mirror shows the inside view. This interior view of the concave side is not seen at the joints, but 
may be seen when cloth changes direction as it goes over an edge. 
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Outside 


6.7 The back half or knee-crease side of a bent tube fold is shown bending towards us as it creates a hinge line that is 
creased. B indicates the back of the knee. The mirror shows the inside view that is not normally seen. 


Another way of looking at a bent tube fold is that it is a parallel fold that briefly splits into two parts that are mir 
ror images of each other, and then these two parts reunite after passing a ditch fold. 


FOLDS AT THE JOINTS 


Bent tube folds form in clothing at the joints when they are flexed. This includes the knees, elbows, ankle, wrist, 
fingers, neck, shoulder and toes. They are most prominent at the elbows and knees. The same patterns of folds 
occur at all of these joints, although they are of different sizes and proportions. Knowledge of the folds at one flexed 
joint can be applied to all of the others. 


Folds at the Flexed Knee 


The complex folds that form in pants around a flexed knee combine fan, radial and bent tube folds. Figure 6.8 
shows a schematic view of this combination as it appears at the front of the knee. The mirror shows how it would 
look from the inside. 


66 


Chapter 6 | Complex Folds 


Shear 
Radial 
Fan 
Ditch 
Shear 


Hanging 
radial 


Bent tube 
UZ divides into 

fan folds 

(kneecap side) 


6.8 The bent tube fold is the foundation of the folds at the bent knee. It interlocks with the fan fold that is over the kneecap. F 
indicates the front of the knee. 


Figure 6.9 shows a schematic view of the crease side of these folds at the knee. Note that the vertical creases 
running down the back of the thigh and the calf are interrupted by a horizontal crease at the back of the knee. 


Shear 


Hanging 
radial 


Bent tube 
Radial 
Ditch 
Zigzag 


Shear 


Bent tube 
divides into 
fan folds (crease 
side of knee) 


6.9 The bent tube fold is the main fold at the knee. It interlocks with other folds on the sides. B indicates the back of the knee. 
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Nested Folds in the Inner Crease of the Elbow Joint 


When a bent tube fold forms at a bent elbow, the hinge line in the ditch fold in the elbow's crease is at a right 
angle to the direction of the sleeve. As illustrated in Figure 6.10, the arm inside the sleeve interrupts the hinge line. 
The tube of the sleeve is A and the ditch component of the bent tube fold is B. The ditch fold has a small bridge 
fold within it, labeled C, at a right angle to the ditch, which curves over the arm beneath it before the hinge line 
resumes. These nested ditch and bridge folds are seen at the elbow when the joint is partly flexed; if the elbow is 
flexed to Its limit, the folds inside will not be visible. 


6.10 When the arm is flexed and a bent tube fold is formed, the volume of the limb at the crease pushes back on the sleeve 
A, creating a bridge fold C nested within the bent fold’s ditch fold B. 


Fan Folds on the Outside of the Elbow 


When a sleeve covers the outside of a flexed elbow, a fan fold forms. Figure 6.11 shows the eight parts of 
the fan fold that are created and what their roles are. The original main hinge line running down the back of 
the arm divides into two segments, which meet at an angle at the point of the elbow. These segments of the 
fan fold are labeled 1 and 5. The radial folds marked 3 and 7 reach forward to meet the ditch fold that crosses 
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in the inside crease of the flexed arm. The folds marked 2 and 8 are shear folds that run diagonally along the 
sides of the upper arm. The folds marked 4 and 6 are also shear folds; they run diagonally along the sides of 
the forearm. 

These fold patterns are most often seen at the elbows and the knees, but can be found elsewhere too, such as 
at the seat of the pants when the thighs are drawn up, and in gloves if the wrist is flexed. There is naturally variety 
to these folds in clothing, but the folds illustrated schematically show the foundation of the sleeve’s geometry 
when the arm is bent. 


6.11 When the arm is flexed, eight folds often arise in a star-shaped fan fold. Similar folds occur in pants when the 
knees are flexed. 


Radial Folds at the Side of a Flexed Joint 


Similar fold patterns are produced when flexing the elbow and the knee joints. Rotational or uneven compression 
forms two symmetrical radial folds, one on each side of the joint (Figure 6.12). Their tails point to the outside of 
the joint, but they disappear before they reach the kneecap or the point of the elbow. Towards the inside of the 
joint the radial folds grow larger, and soon they subdivide as they interlock with the ditch fold, which lies across 
the crease of the joint. This ditch fold connects the two radial folds to each other. Sometimes these radial folds 
subdivide before reaching the ditch fold in the crease. They do this to curve around the limb in a sequence of small 
subdividing radial folds. 
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6.12 As a limb flexes, a radial fold forms on each side, pointing to the outside of the bent joint. On each side of the crease 
side of the joint, the two radials interconnect with a ditch fold in the crease of the joint. 


SUBDIVIDED RADIAL FOLDS 


Subdivided radial folds often occur where the cloth is tube-shaped, and a limb is flexed, compressing the sleeve 
or pant leg on the inside of the joint (Figure 6.13). Here many radial folds will form and interlock. They invert and 
subdivide as they wrap around the joint. The starting point for these folds is the side of the bent joint, either the 
kneecap or the point of the elbow. 


6.13 Each subdivision of a subdivided radial fold allows the cloth to curve further around a limb, while remaining 
compressed along the length of the limb. 
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SUBDIVIDED RADIAL RIDGE FOLDS 


Radial ridge folds often subdivide on their sides. Each side of a subdivided radial ridge fold is somewhat triangular, 
and the subdivision modifies each side to create two smaller triangles, a long one and a short smaller one. When a 
radial ridge fold subdivides in this way, it starts to resemble a fan fold (Figure 6.14). 
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6.14 A radial ridge fold can become indented on its two sides. This subdivides each triangular side of the radial ridge fold 
into two smaller connected triangles, one larger than the other. 


` 
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Subdivided radial ridge folds are often found at the elbows and knees, as well as over the shin and sometimes 
under the forearm. Radial ridge folds on the limbs typically subdivide as they become bent tube folds at bent joints. 
When this happens, the lower of the two triangular subsections that form is the top half of the radial fold on the 
side of the joint (Figure 6.15). 
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6.15 Subdivided radial ridge folds usually form when the limbs are bent. This illustration shows in a simplified schematic 
way the basic geometry of several subdivided radial ridge folds. The locations are the upper arms, the backs of the thighs, and 
over the shins. They often occur in conjunction with bent tube folds. 


NESTED INVERTED RADIAL FOLDS 


If a single fold inverts and then inverts again, nested inverted folds are created. The hill of the first fold becomes a 
valley for a distance and then becomes a hill again. The geometry is shown in Figure 6.16. Nested inverted folds 
typically occur when an inverted fold hits the limb below and cannot continue, so must head upwards again. They 


are found in the small folds found in a sleeve on top of the forearm, when there is some slack in the cloth and there 


is some compression along the length of the forearm. 
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6.16 A nested inverted radial fold is a small radial fold within a larger one. The lower view is the underside. 


FESTOON FOLDS 


If a piece of cloth is suspended from two points, and if there is not much tension in the cloth between those 
two points, then the cloth will sag under gravity’s influence. This is always seen in a towel or sheet pegged to 
a clothesline. The cloth’s points of suspension are closer to each other than they would be if the cloth were 
lying flat, and gravity pulls the cloth downward. It modifies its geometry as it sags and forms large nested 
radial folds. 

The drooping radial folds appear as several ridges pointing alternately in opposite directions (Figure 6.17). These 
ridges are festoon folds, which are the edges of the nested radial folds. Near the top the segmented curves are 
gentle but the ridges are sharp. Lower down, the curves grow longer and the ridges become less sharp. For 
festoon folds, the turns cannot be smooth arcs because cloth bends only on straight hinge lines. The geometrical 
solution is one bend if the span is short, and more bends if the span is large. 
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6.17 Cloth that is suspended vertically from two anchor points sags and forms festoons in the middle section, and fan folds 
on the sides. The nested radial folds of the festoons alternate in and out and are composed of short, straight segments. 


Every time that a section of cloth in a garment is suspended between two anchor points, festoon folds 
form. When a person wearing a shirt or jacket has their arms at their sides, there are typically festoon folds 
hanging under the arms, suspended between points on the shoulder blades and chest. There can also be fes- 
toon folds from shoulder to shoulder across the chest. Another example is between the knees of a seated 
person wearing a robe or dress, unless the garment fits so loosely that the cloth reaches the floor without 
being suspended. 


LINKED FESTOON FOLDS 


Sometimes cloth has one anchor point on one side of a span, but several anchor points on the other. Festoon 
folds run between these points. When this happens, the festoon folds that form are often linked by bridge folds 
that connect upwards from each festoon fold to a higher festoon fold. These are called linked festoon folds 
(Figure 6.18). 
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6.18 In linked festoon folds the main folds become larger, further apart and more vertical as they descend, while the smaller 
linking folds become larger, further apart and more horizontal. 
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The main folds become larger, more vertical and further apart as they descend, while the smaller linking 
folds become larger, more horizontal and further apart. Greater shearing force will deepen and sharpen the 
festoon folds and the bridge folds. The segments of linked festoon folds viewed together approximate a curve 
from side to side, because each time a radial fold subdivides into two folds, each “child” fold is at an angle to 
its “parent.” 

Linked festoon folds often form in the upper sleeve when an arm is raised, and across the thighs in tight 
dresses and skirts when a woman is standing with her weight on one foot (Figure 6.19). 
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6.19 Linked festoon folds are seen in long dresses, coats and robes, both when the wearer stands with their weight on one 
foot and when they are walking. 


TELESCOPING FOLDS 


Cylindrical parts of clothing, such as pant legs and shirt sleeves, are sometimes pulled sideways by the body 
while being constrained at one end. Diagonal shearing tension pulls the cloth tight on two sides of a limb, and 
it slides over itself in an S fold at the top. The S fold divides into the short, straight sections of the bent fold as it 
tries to curve around the limb. This is called a telescoping fold, because one part slips inside the other in a manner 
reminiscent of a telescope, although in an actual telescope a smaller cylinder slides evenly into a larger cylinder 
(Figure 6.20). 
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6.20 When shear folds on each side of a limb pull the cloth and it slips over itself in an S-shaped curve, a telescoping fold is 
the result. 


In their simplest form, telescoping folds have one radial fold on each side of the tube, connected by a paral- 
lel fold across the top. These folds slide over themselves into S folds. An S fold will often fill a depression on a 
limb, with the telescoping fold seen running up and over a depression where muscles become tendons, such as 
is found mid-forearm and mid-calf. This is useful to know when deciding where to place the telescoping fold on 
the limb. 

Cloth that is thin and flexible will have gently curving telescoping folds, while thicker and less elastic fabrics 
break into straighter and bulkier segments. Telescoping folds are found in jacket sleeves, shirtsleeves and pant 
legs, and also form on the top of a jacket sleeve when an arm is raised. 


TWISTING FOLDS 


When cloth is pulled at an angle that causes it to spiral around a tube, twisting folds form. They are like shear 
folds, with the added characteristic of traveling around the limb. As cloth in a cylindrical fold is pulled in a twisted 
fashion, it is compressed, and we see folds at right angles to this compression. These parallel folds have to invert 
to continue their curved path around the limb. Twisting folds form in sleeves when the forearm twists to turn the 
palm downward (Figure 6.21). 
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6.21 Twisting folds are created in sleeves when the forearm twists to rotate the hand. 


COMPRESSED RADIAL FOLDS 


When joints such as the elbow and knee are flexed, radial folds always spring from the fabric on both sides of the 
joint and grow larger, as they must accommodate more and more compressed fabric inside the bend of the limb. 
The radial folds on each side of the joint are connected to each other through the inside of the joint by a ditch fold. 
As the flexion of the joint nears its maximum, these radial folds are compressed together by the upper and lower 
sections of the limb. They then become too compressed to radiate outwards from their origin. These compressed 
radial folds appear paradoxically to be originating within the bend of the joint, when they actually have their origin on 
the side of the joint. They are always seen towards the inside of a very bent elbow or knee. Much of the bunched 
fabric inside the flexed joint is not visible. 

In Figure 6.22, radials that are caused by the flexing of the elbow, knee and thigh are gathered because the 
bending is extreme. Compressed radials also often occur at the armpit if the arm is down and the clothing is tight. 
Compressed radial folds can also be formed intentionally as part of the design and construction of a garment. Here 
a longer piece of fabric is sewn to a shorter piece, for instance where a sleeve is attached to a cuff. The fabric of 
the longer piece is gathered before it is stitched to the shorter piece. 


78 


Chapter 6 | Complex Folds 


6.22 Compressed radials are formed when joints are very flexed. Normally radials appear to fan outwards from their point of 
origin, but here they are bunched together. 


ZIGZAG AND BENT TUBE FOLDS COMPARED 


Often the most prominent folds found in clothing are zigzag and bent tube folds. Both of these shapes are ways 
that cloth handles simultaneous compression in two axes. It is worthwhile to recap what a sleeve or pant leg does 
when subjected to compression along its length. Will it create a zigzag or a bent tube fold? 

Clothing mainly consists of tubes and funnel shapes of cloth, so a fold already exists as the curvature of the 
tube shape of a section of a garment. In addition, even a section of cloth in a garment that might be fairly broad, 
such as over the back or the chest, usually has ridge folds running down it due to the garment being a little larger 
than the person wearing it. 

If we start with a narrow tube or a parallel or radial fold and compress it along its length, It will turn into a zigzag 
fold. But if the fold we start with is wide, the compression along the length of it will create one or more ditch folds 
across the axis of compression. The cloth forms either a bent tube fold or a zigzag fold depending on whether the 
starting fold was wide or narrow (Figure 6.23). 
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6.23 A wide fold will create a bent tube fold under compression along its axis. A narrow fold will form a zigzag fold. 


L 


For an illustrator who is creating some folds, it's simply a matter of choosing to draw zigzag folds if a narrow 
fold is compressed lengthwise, or bent tube folds if a wider ridge fold is compressed lengthwise and disappears. 
Sometimes there will be both zigzag folds and bent tube folds that alternate along a pant leg or sleeve; which fold 
forms where depends on how sharp the fold is and how tight the clothing is at that point. In clothing it sometimes 
happens that a narrow ridge fold suddenly flattens and then folds into a bent tube fold within the flattened area, so 
you have a choice as to which folds to use, and you can often use both (Figure 6.24). 


6.24 A narrow ridge fold that is compressed along its length will become a zigzag fold. Sections of the zigzag fold 
sometimes broaden and form bent tube folds if the material is pulled from the sides. 
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When drawing a figure in a pose from your imagination, you have flexibility as to which folds to draw. There is 
no single correct answer: the goal is only to make the folds believable. On the left of Figure 6.25 I've chosen to 
imagine wide folds that are compressed into bent tube folds in all the visible areas of compression on the arm, 
legs and torso. But there could be zigzag folds in any or all of these areas If the ridges are imagined to be narrow, 
as shown on the right. The best choice is a mixture of the two types. What is important is that the folds be in the 


right locations for a given action, that they be a reasonable size to accommodate the bunched cloth, and that there 
be a logic to them based mainly on the angles of the joints. 


Ditch folds Zigzag folds 


6.25 The figure on the left has believable bent tube folds everywhere where his clothing is compressed, while the figure on 
the right has convincing zigzag folds in the same places. Adding variety by combining the two types looks best. 
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HOW CLOTH FOLDS WHEN IT MEETS THE FLOOR 


When drawing cloth reaching the floor and turning, as may be required for a robe, a long dress, a towel, bedsheets 
or other drapery, it helps to have a method. How cloth folds as it turns at the floor is not random, yet it has infinite 
variety, like all folds. A good approach is to use a few common folds in a somewhat random order so that the results 
do not look contrived or mechanical. 

Suppose several parallel and radial ridge folds in a piece of cloth descend vertically and reach the floor. The 
cloth has to turn. To do so, each fold in the cloth must almost totally flatten itself so it can turn on straight hinge 
lines. Every long dress, messy bedspread, sheet and towel that hits the floor has very flattened folds along the line 
where it changes direction. 

The important general rule for cloth hitting the floor and changing direction from vertical to horizontal is that each 
section of each fold that makes the turn must have a hinge line that matches the change of direction of the cloth 
at the floor. If the cloth already has many folds in it, this rule is less rigid because all of the slack in the cloth allows 
for more deviations from being truly parallel to the main fold. 


Simple Folds in Cloth at the Floor Turn 


In Figure 71 a Suspended towel reaches the floor and turns evenly in a single fold. It could be a long towel hanging 
evenly from a rack, part of a smooth bedspread, or part of a robe or dress. This type of very simple turn of the cloth 
is not typical, as cloth is not usually draped evenly and smoothly. 
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7.1 When a towel hits the floor evenly and turns, it forms a parallel fold. 


Doubled Cloth Turns 


In Figure 72 a towel has been doubled over into an S fold and then hung from a rack. Because the cloth is already 
flattened, it has no trouble forming hinge lines and turning. 


Compound 
fold 


7.2 When a hanging towel that has an S fold in it turns at the floor, it forms compound folds where the doubled cloth turns. 
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Radial Folds Whose Tails Disappear at the Floor Turn 


Sometimes hanging radial folds and the radial folds in the cloth lying on the floor have tails that point to the floor 
turn. In these cases there is horizontal compression of the cloth that creates these radial folds, but the horizontal 
compression does not exist in the area of the turn (Figure 73). The tails of these radial folds vanish as the cloth 
makes the turn. 
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7.3 A hanging towel that turns at the floor can have radial folds whose tails disappear into the towel’s main fold at the floor. 


Horizontal Zigzag Folds at the Floor Turn 


In Figure 74 we see a hanging towel that is compressed horizontally where it turns at the floor, and a zigzag 
fold has formed. Radial folds spring from both sides of the zigzag fold. If there is no horizontal compression 
higher on the cloth or on the floor section, then the tails of these folds disappear into the broad sections of flat, 
uncompressed cloth. 
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7.4 Horizontal compression as the cloth turns at the floor causes zigzag folds to form. Radial folds from the surrounding 
cloth interlock at the zigzag fold, and their tails disappear into the surrounding areas of flat, uncompressed cloth. 


Vertical Zigzag Folds at the Floor Turn 


In Figure 7.5 a narrow ridge fold runs vertically down a towel. When the towel reaches the floor, the ridge is forced 
to flatten against the main section of cloth in order to make the turn. This bend in the ridge fold now has a hinge line 
that is roughly parallel to the hinge line of the main section of cloth at the floor, and the folds make the turn together. 


7.5 If anarrow ridge fold in a towel reaches the floor, it must bend to the side in order to flatten and create a surface in which it 
can have a hinge line that is aligned with the turn of the towel. On the floor, the ridge fold may spring back up or remain flat. 
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Bent Tube Folds at the Floor Turn 


If a dress or robe Is very full, with lots of extra fabric, it will have a number of hanging radial folds growing larger as 
they descend. There will be a mix of wide and narrow ridge folds. If the dress is long enough to reach the floor, the 
narrow ridges will zigzag as the floor pushes up on them. When a wide ridge fold reaches the floor and is forced to 
turn, it will become a bent tube fold (Figure 76). 


7.6 When a wide ridge fold in a piece of cloth turns at the floor, it typically folds symmetrically into a bent tube fold. 


Wide ridge folds may also flatten as the cloth makes the turn at the floor, and now appear as radial folds whose 
tails disappear into the turn of the cloth. 
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An Approach to Drawing Cloth Hitting the Floor 


An approach to drawing folds at the floor is to start with a few ridge folds hanging freely in the drapery; their sizes 
can vary, and some can subdivide as they descend. The outward-facing convex ones are linked together by inward- 
facing concave folds. For curtains, the parallel ridge folds fall fairly evenly throughout their length; for dresses, the 
radial ridge folds grow as they fall. A couple of these ridge folds can be narrow, and they will start to zigzag as the 
floor pushes up on them. There should also be one or two wide radial folds whose tails disappear into the cloth at 
a point lower down or at the floor turn. 

Near the floor, some narrow ridge folds become zigzag folds that fall to the side to make the turn. A couple of 
narrow ridges make the turn as bent tube folds. In one spot you can show a zigzag in a concave fold. Even for a long 
dress only a few folds turning at the floor are necessary to give a believable effect. On the floor at the hem there 
should be a flowing curve that includes some S folds. Some of these folds will be the continuation of hanging ridge 
folds, while others have tails that disappear into the turn (Figure 7.7). 


7-7 This sketch illustrates several ways that radial ridge folds change as they turn when cloth encounters the floor. 


If a long dress or robe is worn while walking, the shape of the folds may be influenced by being dragged along 
the floor, so they will angle back somewhat in the direction the person came from. This will add to the illusion of 
movement. 

Once a few of these techniques have been memorized, it can be interesting to design an attractive arrangement 
of drapery in which they work together in a logical way. These techniques are useful for robes, long dresses and 
capes hitting the floor, and for blankets and bedspreads that drape onto the floor. The geometry does not have to 
be accurate to still look attractive and be convincing. 
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HOW CLOTH FOLDS WHEN DRAPED 
OVER AN EDGE 


There are many similarities between the folds that form when drapery turns at the floor and those that form when 
drapery goes over an edge or rail. The essential rule is that for cloth to turn, it must form a hinge line parallel to the 
edge it crosses. The sharper the turn, the flatter the cloth must be to accomplish this. 


Cloth Draped over an Edge at an Angle 


If a towel is hanging over a rail and is askew, its edge will not be at a right angle to the rail. As it crosses the 
rail and falls down the other side, each edge makes the opposite angle with the rail to its angle on the first side 
(Figure 78). 


7.8 If the edge of a towel crosses a rail at a diagonal, it will continue on the other side at the opposite angle. 


An S Fold Crosses an Edge 


Cloth that has been doubled over into an S fold has parallel hinge lines and easily turns over an edge. Only one 
turn of the S will be visible, and we will see the sharp edge of the eye of the compound fold that forms at the turn 
(Figure 79). 
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7.9 An S fold develops a compound fold as it changes direction at an edge. The sharp angle at the eye of the compound fold 
contrasts with the gentler curve of the simple fold. 


A Rounded Parallel or Radial Fold Crosses an Edge 


Often a blanket, sheet or garment is draped over an edge. Typically the cloth is not smooth, but has long parallel and 
radial ridge folds. As each of these ridge folds crosses the edge and bends downwards, its rounded shape flattens 
so that a hinge line can form. The flattening of each fold causes it to broaden as it crosses the edge (Figure 7.10). 


ae 


V 


7.10 Rounded parallel and radial ridge folds often simply flatten at an edge to create a hinge line, and do not tip to the side. 
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A Ridge Fold Crosses an Edge 


When a piece of cloth crosses an edge there are often narrow ridge folds in it. In order for a ridge to make this sharp 
turn, it must fall to the side to flatten and form a hinge line parallel to the edge (Figure 7.11). 


7.11 When a ridge fold reaches an edge that the cloth travels over, the ridge flattens so that it has a hinge line that is parallel 
to the fold in the cloth at the edge. After crossing the edge, the ridge fold often springs up again. 


Even if a towel is bunched very irregularly and has many folds, these folds will all flatten when the towel crosses 
an edge and changes direction. Thus when drawing drapery going over an edge, the secret is to flatten all the folds 
as they make the turn. For instance, if you are using your imagination to draw a blanket draped over someone's 
shoulder, there will be folds of various shapes and sizes in the hanging parts of the blanket, but they will all be flat- 
tened as they cross the shoulder. Some are ridges that go left; some go right; some are radial folds that disappear; 
some appear like flattened tubes at the shoulder. These flattened folds become ridges again as they hang freely 
below the shoulder. 
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DRAWING 
THE FIGURE 


Clothing and folds can't be well illustrated without an understanding of the forms and mechanisms of the human 
body. This is because clothing is thin and often follows the body's contours very closely, and because the size and 
shape of folds is largely determined by the actions of the bones and muscles. When the forms and articulations 
of the figure are well understood, designing folds becomes much easier, and the figures that are revealed by the 
drapery are more attractive and convincing in their proportions and their action. 

The human body is like a machine, and anatomy describes its many parts and functions. Because anatomy 
is complex, for drawing purposes it's best to simplify it in order not to get lost in the details. The bones and 
muscles of the body can be grouped together into basic shapes that articulate like a mannequin. This group- 
ing makes the forms easier to remember and to visualize. A very simplified mannequin-like mental model 
of the figure can be used at the start, and it can be gradually refined as more is learned about the body's 
construction. 

This chapter is not a complete look at artistic human anatomy, but focuses on the major shapes, the propor 
tions, the joints and the mechanisms of the body. There are many books on artistic anatomy, and there are apps 
available that can be used to explore three-dimensional views of human anatomy from every angle. But ultimately 
it's more important for the figures you draw to be convincing than for them to be anatomically accurate in every 
detail. 


THE MANNEQUIN 


Drawing the figure from your imagination is equivalent to assembling a mannequin from parts that you have 
memorized (Figure 8.1). If you are just beginning and the mannequin you've memorized is quite simple, then your 
drawings will look like drawings of a mannequin. Later, when you've refined your mannequin through practice and 
studying anatomy, your mannequin will look like a human figure. By changing the proportions, action and details of 
your mannequin, you will be able to make it look like different types of people. 
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8.1 The parts of a simple mannequin viewed from various angles. 


The skeleton is the basis of the figure and of the mannequin, because without it the muscles and other soft 
elements would have no shape. The skeleton sets the size, proportions and action of the figure. As you learn more 
about the skeleton, you may be surprised at the number of places on the figure where the bones are just below 
the skin. The shape and dimensions of clothing are designed more with the skeleton in mind than with the muscles 
in mind. Most clothing has to accommodate the range of motion of the joints. Some clothing restricts movement, 
for example skirts and sports jackets. 

The mannequin is essentially a simplified skeleton with the bones of the limbs made thicker (Figure 8.2). The 
articulations are based on the skeleton, and these have a profound influence on the types of folds that occur at the 
joints when the limbs are flexed. Being fleshed out helps the mannequin appear more human and have proportions 
that can suggest different kinds of characters. 
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8.2 The mannequin emphasizes the proportions and the articulations of the largest elements of the body. It simplifies 
remembering and posing the figure. 


The main areas of the skeleton and the mannequin are the head, the ribcage and the hips. These three masses 
are connected by the spine, which holds them together but allows some flexibility and freedom of movement. The 
rest of the mannequin is built on this framework. 

Its important to start with a mannequin that is simple and manageable. A three-dimensional conception, pro- 
portions and the figure's action are much more important than anatomical details. For this reason you may wish to 
begin with quite a simple mannequin, such as the one shown in Figure 8.3. A good method is to draw the man- 
nequin as a unit, then correct areas where the action or proportions seem wrong, and only then add details, always 
working from large to small. 


93 


Chapter 8 | Drawing the Figure 


8.3 The simplified mannequin is easier to remember and faster to draw, which is better for thinking of the figure as one unit 
and for capturing the action. 


The simplified forms that you memorize will be generic at first. To add character, you have to alter the size and 
proportion of the figure’s forms to match the type of person you have in mind. When you draw, you pose the man- 
nequin: its pose and its proportions give it personality and tell a story (Figure 8.4). | have never found it useful to 
think of additional imaginary lines of rhythm or action. | stay focused on drawing the mannequin doing the action 
| have in mind, and making adjustments when it doesn't look right. 
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8.4 Doing rough sketches of the simplified mannequin in action helps to focus on the main shapes, the proportions and the pose. 
Refining the muscle shapes makes the mannequin more natural and believable. It also helps clarify whether 
the figure is male or female, young or old, fit or out of shape, and so on. The addition of clothing tells us even more 


about who this character is, and the folds in the clothing add realism while emphasizing the action. Of course, illus- 
trating the clothing itself may be the main purpose of the illustration. 


THE PROPORTIONS OF THE FIGURE 


A drawing can be started by imagining the figure as a mannequin in action, and it should be sketched roughly with the 
whole figure in mind as one unit. It is best not to think too much about rules of proportion during the beginning stages of 
a drawing. Once the figure has been sketched as a whole like this, you can then assess what seems too big or too small. 

When drawing mannequins and figures, It’s best not to apply rigid rules about numbers of head lengths or the 
alignment of anatomical landmarks. Once you've drawn your rough sketch, you should consider what looks odd 
about the character's proportions and fix those elements. If the legs look short, you should make them longer, and 
not try to apply rules like “the legs have to be four head-lengths long.” “Eyeballing” the proportions is more enjoy- 
able, and it produces a less mechanical-looking mannequin. 


Chapter 8 | Drawing the Figure 


A Note on Proportions 


The human figure comes in many shapes and sizes, but on average there are some noticeable difference between 
the sexes. This everyday observation is confirmed by anthropometric studies of thousands of people. But there is 
also great variability and significant overlap in the size and proportions of men and women. 

Illustrators often signal whether the people they draw are male or female by using exaggerated proportions that 
will be instantly understood as male or female, even if real people’s proportions are often not like this. One example 
is long hair: many people will interpret a stick-figure drawing with long hair as being female, even though millions of 
women have short hair and millions of men have long hair. It’s usually a set of such clues that leads the viewer to 
interpret a figure drawing as being male, female or something else. The typical proportions | describe here are meant 
to help the reader become more aware of these clues in case they would like to incorporate them in their drawings. 

One's art is one’s personal domain, and every artist is free to use whatever proportions work for them. When 
| draw figures, | usually want them to be clearly male or female to help my audience instantly understand the story 
being told, and thus | caricature them a little. 


Exaggerated Proportions of the Male and Female Figures 


When drawing figures, It’s helpful to have mental templates of people's shapes in mind. What | describe here are 
some of the important proportions that | use to help viewers of my drawings determine whether the figures I've 
drawn are male or female. 

A simplified male figure is keystone-shaped, with broader shoulders and narrower hips. Men's necks are often 
almost as wide as their heads. Men's physiques can be muscular with an emphasis on squareness, and their 
hands, feet and heads can be large. 

A simplified female figure is more hourglass-shaped, with the hips a little wider and the shoulders narrower. 
Women’s limbs and necks tend to be more slender with smoother contours and less apparent muscle mass. Their 
hands, feet and heads are in general not as large as men’s relative to their body size. If these elements are incorpo- 
rated into a sketched figure, it becomes clear whether you have drawn a man or a woman (Figure 8.5). 


8.5 A simplified female figure is based on an hourglass-shaped torso. The neck and limbs should be slender with smooth 
contours. The head, hands and feet are not large. A simplified male figure is based on a keystone-shaped torso. The neck and 
limbs are larger, more muscular and more angular, and the head, hands and feet are large. Women have more curvature to the 
spine and a slight tilt to the hips. 
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By adjusting the relative sizes of the largest masses of the figure, many different types of characters can be 
drawn. It’s best to have in mind the type of person and the action you wish to illustrate before you start sketching 
(Figure 8.6). 


8.6 Even in sketches that lack detail, the proportions and the pose establish the character, gender, age and action. The 
mannequins provide a framework on which to put the clothing. 


THE HEAD, RIBCAGE, CLAVICLES, HIPS AND SPINE 


The Head 


The largest elements of the head are the egg-shaped cranium, the angular jaw, the cylindrical teeth and the square, 
boney framework of the face that includes the cheekbones and the eye sockets (Figure 8.7). 


97 


Chapter 8 | Drawing the Figure 


The jaw The teeth The jaw muscles 


8.7 The structure of the head is the important foundation to which the features are added. To the egg-shaped cranium are 
attached the jaw, the teeth, the bony framework of the eye sockets and cheekbones, and the prominent jaw muscles. 


Much of the character of a person's face is based on the proportions of the elements of the skull. If a simple 
skull is drawn three-dimensionally and in proportion, it provides a solid framework on which to place the features 
(Figure 8.8). 


8.8 Drawing the head is mainly drawing the skull. It can be simplified to a few shapes for the mannequin, and gradually 
refined by learning about and adding the smaller forms of the features. 


The eyeballs are housed in the eye sockets. The rotation of the eyeballs, the opening of the lids and the fact 
that people always look at the eyes first make this feature a complex and important topic of anatomical study 
(Figure 8.9). 
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8.9 The bony framework of the eye sockets houses the eyeballs. Its upper margin is the brow ridge, its lower margin is the 
cheekbones, and there are notches on the sides that allow the eyes to look to the side. The muscles of the eyes span the 
sockets. 


The muscles of the mouth curve around the teeth. The mouth itself is a slit, but the muscles and skin fold out- 
wards a little, revealing the lips (Figure 8.10). The flesh around the mouth is loose so that it can be pulled to the side 
to create a smile, and opened to speak or eat. When the muscles of the cheeks pull the corners of the mouth, the 
lips flatten over the teeth. 
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8.10 The skin of the mouth lies over the half-cylinder of the teeth, and the mouth’s opening is a short slit in the middle of 
it. The lips begin to fold outwards in the center. The mouth is pliable, and the muscles that surround it can pull it in several 
directions, flattening the lips as they do so. 


The Ribcage and Clavicles 


The ribcage is a large, flattened egg shape that houses the heart and lungs (Figure 8.11). It has a V-shaped lower 
margin where the abdomen begins. The neck originates at the small opening at the top of the ribcage. The collar 
bones or clavicles spring from the front of this opening, and connect the ribcage to the shoulders. 


wv Clavicle 
raises arm 


8.11 The ribcage is essentially a flattened egg shape. The clavicle connects to it at the pit of the neck. It is quite mobile, and 
it can swing the shoulder forward and back, as well as up. 
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The clavicles pivot up and down and forward and back, allowing the shoulders to arc upward and inward 
towards the ears, and also forward and backward. Drawing mobile shoulders helps to make a figure look more 
natural and less wooden. It is important to understand this because it has a great influence on how folds form 
(Figure 8.12). 


Clavicles Clavicles 
swing up swing 
forward 


Right shoulder Left shoulder 
swings forward, swings forward, 
left shoulder right shoulder 
swings back swings back 


8.12 The clavicles are quite mobile and their movement greatly affects the appearance of the shoulders. They can angle 
upwards about 45 degrees towards the ears, and also swing forward and back about 20 degrees. 


The Hips 


The hips are the structural center of the body and are the most important structural element to establish when pos- 
ing the figure (Figure 8.13). Here the weight of the upper body is transferred to one leg, both legs or a surface. The 
spine rises from the hips and supports first the ribcage and then the head. When seated, the weight of the upper 
body rests on the ischial tuberosities, which are the lowest boney surface of the hips. When standing, walking or 
running, the weight of the upper body is transferred from the hips to the legs. 
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8.13 The hips are the key to posing the figure. They can be sketched as a simple 3D oval or as a more complex shape. 


The Spine 


The spine consists of 24 bones, and it connects the head, ribcage and hips. Its various sections provide different 
degrees of flexibility. The seven bones of the neck allow the head to be rocked left and right about 45 degrees as 
well as forward and back about 20 degrees. They also allow twisting of the head and neck left about 45 degrees 
and right about 45 degrees. The head is able to rock forwards and backwards about 45 degrees on the topmost 
vertebra, which is called the atlas. These movements can be combined in many ways, and this allows the head to 
be at many different angles relative to the ribcage (Figure 8.14). 
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8.14 The spine connects the head, the ribcage and the hips, and its articulations allow these three masses to move relative 
to each other. The vertebrae along the ribcage do not move significantly and can be considered rigid for drawing purposes. 


The 12 vertebrae that run vertically along the back of the ribcage allow for only a slight amount of movement 
forwards and backwards. For drawing purposes, the ribcage and its part of the spine can be considered to be one 
rigid unit. 

The lowest five vertebrae connect the ribcage to the hips. They are strong and sturdy, and allow the ribcage to 
be rocked forwards about 20 degrees and back about 20 degrees, as well as left about 20 degrees and right about 
20 degrees. No rotation is allowed. If the figure is posed in a way that seems as though the ribcage is twisted rela- 
tive to the hips, this is an illusion due to the fact that one shoulder is forward and one is back (due to the movement 
of the clavicles), and that the head is twisted relative to the ribcage. 
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THE UPPER LIMB 


The Clavicle, Scapula and Shoulder Joint 


The shoulders are quite mobile, and this is an important feature in posing the figure. One end of each clavicle is 
attached to the ribcage at the pit of the neck, and the other end is attached to the arm via the shoulder blade or 
scapula. This articulation allows the shoulder to move forward, backward, up and down, or in combination, like a 
fishing pole or the arm of a crane (Figure 8.15). When the arms are down, they are far from the midline of the body, 
but when they are fully raised, they are lengthened by their alignment with the clavicle, and they are much closer 
to the midline. 


Scapula 
rotates 


Clavicle arcs, 
taking scapula 
with it. Scapula 
rotates. 


8.15 As the arm swings from beside the body to a horizontal outstretched position, it rotates from the shoulder. If the arm 
reaches overhead, it instead rotates in tandem with the clavicle from its attachment to the sternum at the pit of the neck. 


The far end of the collarbone articulates with the scapula, to which the arm is connected. The scapula is a place 
for muscle attachments that could not all fit on the ends of the clavicle and the upper arm bone. The scapula pro- 
vides many additional muscle attachments that tie the arm, clavicle and ribcage tightly together. In some actions 
these muscles simply stabilize the shoulder and arm, while in others they assist in pulling, pushing, rotating and 
swinging the arm back and forth and up and down. This movement causes the folds in shirts and Jackets to change 
dramatically (Figure 8.16). 
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8.16 The clavicle and the shoulder blade push outwards from the ribcage to create the somewhat square shape of the 
shoulder. Muscles fill in the gaps. The shoulder shape changes if the clavicle swings up, forward or back. 


The Arm 


The elbow is a hinge joint. It allows the lower arm to be aligned with the upper arm, or to flex to the point where 
it touches the upper arm (Figure 8.17). 
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8.17 The arm is shown in simplified mannequin form. The elbow is a hinge joint. When the arm is raised and extended, the 
elbow points outwards, not down. 


To draw arms more convincingly, more anatomy has to be learned. Figure 8.18 shows the major arm muscles 
in a simplified way. The lower arm has two bones, one of which can rotate around the other at the wrist by about 
90 degrees, allowing the palm of the hand to face up or down. 
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8.18 The major muscles of the arm are shown in simplified form. Each muscle runs from its origin attachment on one or two 
bones to its insertion on another bone. Each muscle has its own size and character. When a muscle contracts, it shortens and 
thickens. The forearm bones articulate with each other to allow the thumb side of the hand to swivel almost 180 degrees. 


The Wrist, Hand and Fingers 


The hand has many parts and can be posed in many ways. It is complex but it cannot be drawn without under 
standing its anatomy. The hand and wrist do not articulate with each other: they always move together as one unit. 
The wrist is rounded and sits in a shallow indentation in the bones of the forearm. As shown in Figure 8.19, this 
joint allows the hand to rock left and right a few degrees. It also allow flexion and extension in a range of almost 
180 degrees, as illustrated in Figure 8.20. 
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8.19 At the wrist joint the hand can rock left and right. 
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8.20 When the wrist joint flexes and extends, it exposes some of the articular surface at the base of the hand, which 
lengthens the hand and stretches the skin and tendons. The pull on the idle tendons causes the hand to open and close 
unconsciously. 


The interior of the hand is the fleshy side. The palm resembles a donut (Figure 8.21). The upper section of the 
donut is the joints of the hand with the first phalanges of the fingers; the lower section is the heel of the hand. 
On one side are the thumb muscles, and the other side consists of the little finger muscles. The indentation in the 
middle of this donut is the cup of the palm, and it is somewhat triangular. In the center of the lowest section of the 
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donut is a smaller triangle formed from protuberances of the wrist bones that form the heel of the hand, and It is 
bounded on two sides by the muscles of the thumb and little finger. 
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8.241 The palm of the hand is donut-shaped. The palm muscles of the thumb point sideways to the thumb, while the palm 
muscles of the little finger point up to it. On the back of the hand there is no muscle and little fat, making the knuckles and 
tendons prominent. These tendons all point to the finger tips. 


The back of the hand is the lean, bony and tendinous side. The four joints where the bones of the hand 
articulate with the four first phalanges of the fingers are prominent, especially when the fingers are flexed. All 
of the anatomical features of the hand tend to appear more pronounced in men, the elderly and the slim. The 
tendons of muscles that extend the fingers fan out over the back of the hand in a way that is visible on most 
people. 

The thumb and fingers each consist of three bones called phalanges. At their attachment to the hand, the first 
row of finger phalanges can flex just beyond 90 degrees. They can also rock left and right a little, but only when the 
fingers are straight, not when they are in a fist or grasping an object: in this position they are locked close to each 
other (Figure 8.22). 
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8.22 The last two phalanges of the fingers usually flex first, and then the third from last flexes at the hand. It is possible to 
flex at the hand first, for instance when waving the fingers. 


The second row of phalanges in the four fingers can flex a little past 90 degrees, and finally the third row of pha- 
langes, the ones with the nails on them, can flex about 45 degrees and cannot rock. As a finger flexes, the length 
of its upper surface Increases as the articular surfaces of the bones are exposed (Figure 8.23). 
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8.23 The phalanges all flex as hinge joints. The articulation with the hand also allows rocking sideways when the fingers are 
Straight, but not when they are flexed. 
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The first phalanx of the thumb can move in and out and left and right about 45 degrees. The second phalanx can 
flex to almost 90 degrees. The third phalanx of the thumb can flex about 60 degrees (Figure 8.24). 
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8.24 These are the extreme positions of the thumb with combinations of joint flexion and extension. The thumb can also be 
in intermediate positions. Note the length changes in the palm side and back of the thumb due to the sliding of its phalanges 
as it flexes and extends. 


THE LOWER LIMB 


The Hip and Thigh 


The upper leg can be straight or drawn up to the abdomen. It can also be drawn outward (abducted) and inward 
(adducted) about 45 degrees. Finally, it can twist about 45 degrees in each direction (Figure 8.25). 
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8.25 The hip joint allows the thigh to flex upwards to the hips, as well as abducting and adducting about 45 degrees. A small 
amount of rotation is possible. 


The Knee and Lower Leg 


The lower leg can flex more than 90 degrees at the knee. It can also rotate about 45 degrees left and right when 
the knee is not straight. When the knee is straight no rotation at the knee is possible, although rotation at the hip 
is still possible (Figure 8.26). 
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8.26 The range of movement of the knee and lower leg is shown. 


The Ankle and Foot 


The foot is hinged to the lower leg. It can flex and extend, and can rock inward slightly. This allows the foot to stay 
planted solidly on the ground even when the leg moves. The great toe has two phalanges that flex and extend, and 
the other toes have three phalanges that can do so (Figure 8.27). 
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8.27 The articulation of the lower leg with the foot at the ankle is mainly a hinge joint, but a small amount of rocking is 
possible, allowing the foot to remain flat on the floor even when the lower leg is angled a little left or right. 


MUSCLE CRAWL 


Muscles typically have their origin on one bone and their insertion on a second bone that is beyond the joint where 
the two bones articulate. When a muscle is activated, it contracts, pulling the second bone closer to the first. As 
the muscle shortens, its outline gives the impression of the muscle crawling up the first bone. The muscles change 
in shape as they move, and the contours of the body change with them (Figure 8.28). 
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8.28 When muscles contract, they shorten and bulge close to where they are anchored, which is usually at a point higher 
up the body. This gives muscles the appearance of crawling towards their origin as they are contracted. Emphasizing this 
feature makes drawings more lifelike. 


At every joint, the muscle on one side flexes the joint, and the muscle opposed to it on the other side extends 
it. When one muscle contracts, bulges and appears to crawl towards its origin, its opposed muscle relaxes and 
becomes slimmer as it is stretched. Knowledge of this mechanism takes much of the guesswork out of drawing 
the contours of the limbs, and makes figure drawings more lifelike (Figure 8.29). 
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8.29 These legs in action illustrate muscle crawl. The characteristic forms of the limbs in their many positions are always 
partially revealed by the forms of the folds that cover them. Limbs cannot appear natural if knowledge of muscle crawl is not 
used to determine the muscle contours. 


JOINT SURFACE EXPOSURE AND LENGTH CHANGE 


The apparent length of a section of the body regularly changes due to the flexing and extending of the head, 
spine and limbs. Flexing or extending a joint causes either more or less of the bone surfaces at a joint to be 
exposed. A good example of this is that when a finger is fully flexed, the exposure of the articular surface of the 
bone before a particular flexed phalanx adds about 30 percent to the length of that phalanx as measured along 
the nail side of the fingers. Each phalanx is of course still the same length, but skin covers both the exposed 
articular surface of the phalanx it articulates with and the phalanx itself, giving the appearance of a single longer 
phalanx. Figure 8.30 illustrates length change on the front and back of the leg, at the ankle, and at the wrist and 
knuckles. 
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8.30 As a joint is flexed, the outer side of the limb becomes longer and the inner side becomes shorter. When a joint is 
extended, the outer side becomes shorter and the inner side becomes longer. The locations that change in length are indicated 
by gray shapes. 


Figure 8.31 illustrates length change at the neck, shoulders, hips and flank. There is also length change at the 
abdomen: when a person bends forward, the abdomen shortens, and when they arch their back, the abdomen 
lengthens. An understanding of the mechanisms of the joints is necessary to achieve correct proportions for many 
parts of the body, as length change continuously alters proportions. 
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8.31 Length change during flexion and extension affects the length of the neck, the shape of the shoulders, the flanks and 
the front of the hips. The locations that change in length are indicated by gray shapes. 


TENDON STRETCH 


In several places on the body muscles pull tendons that cross more than one joint on their way to their attach- 
ment. A good example is the muscles and tendons on the forearm and hand that flex and extend the fingers 
and thumb. To flex the wrist, the flexor muscles on the wrist side are contracted. The extensor tendons on the 
back of the hand are not used for flexion, but the act of flexing the wrist pulls these idle extensor tendons tight 
because they cross the wrist joint, which has bent forward. The result is that as the wrist is flexed, the exten- 
sor tendons on the back of the hand unconsciously extend the fingers and thumb. This is called tendon stretch 
(Figure 8.32). 
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8.32 The tendons of the fingers cross several joints on their way to the fingertips. If the wrist is flexed or extended, the 
idle tendons on the opposite side to the contracted ones are stretched by the action. This pulls the fingers open or closed 
unconsciously and accounts for many typical poses of the hand. 


The opposite effect is observed when the wrist is extended using the extensor muscles and tendons on the 
back of the hand. In this case the idle flexor tendons of the fingers on the inside of the hand, which cross the 
wrist and palm, are pulled tight by the extension of the wrist. This causes the fingers to close, again without 
intention. 

Tendon stretch explains why it is easier to make a tight fist when the wrist is extended, and easier to flatten 
the hand when the wrist is flexed. This effect can be largely overridden by consciously flattening the hand or mak- 
ing a fist. Most of the time the fingers are relaxed, but the wrist is often bent, and tendon stretch explains the 
angles of the fingers in most poses. A knowledge of tendon stretch takes some of the guesswork out of posing 
the hands. 
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The effect of tendon stretch can also be seen in the toes, which are easier to curl when the top of the 
foot is raised at the ankle, and easier to point upwards when the foot is pointed. The toes point up when the 
foot is flexed, and curl when the foot is raised. Tendon stretch also affects the mouth. When the head is tilted 
back, the tendons of the muscles at the front of the neck are pulled, causing the lips to open. Applying ten- 
don stretch to illustrations of the figure results in poses that are less stiff, more natural and more graceful 
(Figure 8.33). 
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8.33 The effects of tendon stretch are also seen in the face and toes. The lips part and the mouth may open when the head 
is tilted back. The toes will rise when the toe is pointed and curl when the foot is raised. 


CREASES 


Creases occur in the skin in places where there is significant compression. This includes the insides of the elbows 
and knees, at the wrists and fingers, below the buttocks, on the face and elsewhere, especially on a person with 
more body fat (Figure 8.34). 
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8.34 The more a joint is flexed, the more the muscle, fat and skin at the joint is pressed outwards from its normal location. 
Drawing the bulge and the creases that result helps make drawn figures look more natural. 


Some areas of the body have fat deposits that are compressed when a joint is flexed, and they are pushed out- 
wards more than a fold in the skin alone would be. These areas include: below the chin when looking down, the 
upper arm when it is pressed to the side, the abdomen when flexed and the sides of the elbow when flexed. The 
more fat there is in these areas, the more they bulge outward when the joint is flexed. There are always creases 
in the areas that bulge. 
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CLOTHING 
AND FOLDS ON 
THE FIGURE 


Well-drawn clothing makes a figure more attractive and more believable, and it accentuates the pose and the 
action. To draw the folds on a clothed figure requires insight into how folds work, some knowledge of human 
anatomy and a basic understanding of clothing design and construction. 

In earlier chapters we have examined the various kinds of folds and the mechanisms of the human body. In this 
chapter we use this knowledge to clothe the figure. The basic geometry of the folds of various garments on the 
figure is standard because people share a common design, and clothing has to fit the human form. The details of 
the folds in clothing will vary with the type of garment, the style and the fabric, but in similar circumstances fabric 
will fold in similar ways. 

In spite of this, there is plenty of opportunity to personalize folds. A zigzag fold, for instance, can be drawn 
countless different ways and still look convincing. The examples given in this chapter highlight the most important 
folds as they appear in a standard way, but they can be customized in many ways by changing the style, texture, fit 
and lighting, or by adding additional small secondary folds to create a richer, more detailed appearance. 


CLOTHING CONSTRUCTION 


An article of clothing is designed with a default pose in mind, and with enough slack for freedom of movement in 
a certain range of movement. The size of the person who will wear the garment is also a major consideration, and 
finally there is sometimes a certain amount of extra cloth in some areas just for style. Extra cloth, whether for a 
practical reason or for style, will form folds even in a garment’s default position, such as a dress having folds even 
when the legs of the person wearing it are straight. Movement of the torso and the limbs will change the folds 
and create new ones by pulling on the cloth in some directions and bunching it in others. Much can be learned by 
looking more closely at your own clothing (Figure 9.1). 
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9.1 The size and proportions of the figure, the style, cut and fit of the clothing and the figure’s action will all affect the folds in 
a garment. 


Most types of garments are assembled from flat sections of cloth that are sewn together. The angles that are 
formed when the sections are connected allow clothing to conform to the curvature and tapering of the torso and 
appendages of the body. Seams make the cloth a little stiffer, but usually not enough to interfere much with how 
the cloth would fold otherwise. 

Sleeves, pant legs, skirts, dresses and the body of a shirt, jacket or coat are either cylindrical or funnel-shaped 
tubes. The cloth that is used to make these cylinders and funnels is generally quite flexible and is typically made 
larger than the part of the body it envelopes for freedom of movement. This allows a range of actions, such as 
sitting, walking and reaching. If a designer wishes to have a tighter fit that highlights the shape of the body, then 
a stretchy knitted fabric is used that will allow the joints to bend while staying close to the body in every pose. 
Garments made from stretchy fabrics have fewer folds. 

If clothing consisted only of tube-shaped parts that were not attached to other tubes and didn't span the joints, 
then the disconnected sections would leave gaps at the joints, and they would have few folds. Folds are mainly a 
result of the pulling and pushing of the cloth in the sections where the parts are sewn together and span the joints. 
Here the connected pieces pull on each other when the limbs move. 

Articles of clothing begin as precisely cut flat pieces of cloth that conform to a carefully designed pattern (Figure 
9.2). These are sewn together into the garment's three-dimensional shape. A garment that is a good fit is attractive 
and allows for adequate freedom of movement of the limbs for the intended use of the garment. For instance, 
clothing to be worn for physical work must be loose. 
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9.2 Clothing design takes into account style, the shape of the wearer and practical elements related to the garment’s 
intended use, such as the angle of sleeve attachment, which determines how easily the arm can be raised. 


How loose the fit is makes a great difference to the number of folds in a garment. Tighter clothes tend to have 
many folds that are small because the cloth is close to the body and forced to conform to its contours. Loose-fitting 
garments often have a few large folds in places where the cloth is able to hang freely, but there will be more folds 
in areas where the cloth is compressed and bunched (Figure 9.3). 


9.3 Tighter clothing has to conform to more of the contours of the body, and may have many small folds. Looser clothing can 
hang freely in large folds in some areas, but where it is compressed, there are many folds. 
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The sleeves of shirts and dress jackets are constructed differently from each other. The hole at the top of a 
shirt sleeve is angled, so that when attached to the shirt, it points outward from the body of the garment. This is 
to enable the wearer to move their arm freely in all directions. This causes folds to form under the arm when the 
arms are by the side. The sleeve of a jacket, on the other hand, has the hole in the sleeve angled at a diagonal, so 
that when sewn to the body of the jacket, it lies close to the side of the jacket. When the arms are down, the jacket 
looks smooth and formal, without folds under the arms. But there is not enough slack in the sleeves to raise the 
arms easily. Raising the arms pulls the limited fabric under the arms tight, pulls the sleeves up and makes them 
look too short, raises the shoulders of the jacket, and create folds on the top of the upper arm. 

Folds sometimes end at seams and pockets, because here the cloth is twice as thick and therefore more resist- 
ant to folding. Pockets and seams retain more of their original shape, and the cloth near them may have to fold 
more to compensate for this. Folds often run to the corners of pockets and end there. 


ANCHOR POINTS AND TENSION LINES 


When a person adopts a pose, the limbs of the body pull the cloth of their garments in various directions. A point 
on the body that pulls the cloth is an anchor point, and a line that runs along the tight, straight fabric between two 
anchor points on the figure is a tension line (Figure 9.4). Usually the tension line runs between two points on the 
figure, but often gravity acts as the second anchor point as It pulls down on the garment. 


9.4 Clothing is pulled tight between anchor points on the figure that vary depending on the figure’s action. These anchor 
points are shown as circles. The lines connecting the anchor points indicate where the clothing is pulled tight. When there is 
compression across a tension line, folds appear that run parallel to that tension line. 
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When you look at a clothed model or photo reference, or imagine a figure in your mind's eye, a good way to 
simplify the folds is to find the anchor points that are causing the most extreme pulling in the garment. Determining 
where the anchor points are is done by analyzing the action of the figure being drawn. Drawing a few tension lines 
in the clothing on the figure can quickly increase the illusion of movement while providing a basis for more detailed 
folds. A tension line looks like a fold only if there is compression across It that creates a fold. Without compression 
across it, the area around the tension line remains flat. 


STUDYING TENSION AND COMPRESSION IN A PILLOW 


Folds are created by compression, while tension eliminates folds. When drawing folds, you have to consider where 
the clothing lies directly and smoothly on the figure, where it is hanging due to gravity, where it's being pulled tight, 
and where It’s being compressed and bunched by the action of the figure. 

The body of a shirt or blouse is the large cylindrical section over the torso. Folds appear in shirts when the 
shoulders are moved and when the back is bent. Studying the main folds in a pillow that is bent or twisted provides 
insight into where folds will occur in a shirt during various actions of the figure. 

The folds that appear in a pillow in different positions change in their details each time the pillow Is repositioned, 
but the general shape of the folds is predictable. Some simple templates of the main folds can be memorized and 
applied to the torsos of figures drawn from your imagination (Figure 9.5). 
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9.5 The folds on a pillow can be studied to gain insight into the folds on the torso in various poses. Compression has caused 
parallel, interlocking, ditch, zigzag and shear folds in these pillows. 
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A pillow that is not bent over or twisted has few folds. If the pillow is doubled over along a vertical axis, horizon- 
tal folds form. If the sides of the pillow are pulled inwards towards each other, this compression on a horizontal axis 
creates vertical folds. If the pillow is twisted, the cloth is pulled tight along the diagonal between the two opposite 
corners that have moved apart, but there is now compression between the other two corners that have moved 
closer to each other, and shear folds form. 

Folds can appear on the sides of the pillow. The side of a pillow is more ridge-like than the broad front and 
back of the pillow. When one of these ridges is compressed because the upper corner of the pillow on that side is 
pushed down, this ridge is likely to change into a zigzag fold or ditch folds. 


FOLDS IN PANTS 


The Construction of Pants 


A pair of pants is made of two long tubes that unite into one larger tube at the hips. The legs usually taper to the 
ankles (Figure 9.6). Pants are designed to be loose enough to allow for sitting and walking. The stretchier the mater 
ial, the less slack is necessary. More casual pants, such as jeans, are usually tighter, the fabric is thicker, and there 
is no front crease, so the pants do not hang freely and have more folds. Women's pants usually have a tighter fit 
and their hems are further from the floor. 


9.6 A pair of pants is designed as two long tubes that merge into one wider, shorter tube. 


Pants are constructed to look best and have the fewest folds when the wearer is standing. Figure 9.7 shows 
that when the hip and knee joints are flexed, there is rotational compression that creates folds on the inside of the 
joint’s axis, while there is tension on the outside of the axis, which smooths the cloth. This applies to pants, shorts, 
skirts, dresses and robes. 
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COMPRESSION 


9.7 Flexing a joint creates tension and smooth cloth on the outside of a joint, and compression and bunching on the inside. 


How Folds Are Created When the Upper Leg is Flexed 


It is easier to visualize the changing forms of the figure if you think of it as a simplified mannequin. In Figure 9.8 
the front and back of the leg are divided into three sections that are visible when the legs are straight. When a leg 
flexes at the hips, the section on the front of the hips disappears, and a new section appears where the backs of 
the leg meet the hips. The decrease in the leg length at the front of the leg and the increase in the leg length on 
the back pushes and pulls on the cloth of pants. 
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9.8 When a person sits, the movement of the hip joints lengthens the back of the thighs, while shortening the front. This 
creates tension and smooths the cloth on the back of the pants, while creating compression and bunching on the front. 
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Since pant legs are cut to fit a person well when they are standing, the change in position from this posture 
forces the pants to alter their shape. The tension at the back of the leg pulls down on the hem at the waist and pulls 
up on the hem at the ankle. The pants appear shorter as they ride up the lower leg. The cloth is tight and smooth 
on the tense back part of the leg. On the top of the leg, the cloth is compressed and bunched. Notice that the cloth 
also smooths out where the form of the leg is full, but if it is under tension, it bunches wherever there is a hollow 
on the top surface. 

Length change due to joint movement occurs In several places on the body, including the neck, shoulders, arms, 
hands, fingers and feet. This knowledge allows you to predict where tension and compression will occur and where 
to eliminate or create folds. 


How Folds Are Created When the Knee is Flexed 


When the knee is flexed, folds are created in the pant leg. In Figure 9.9 we see that as the leg is bent, the kneecap 
slides down and exposes a new section of the upper leg, thereby lengthening it. The kneecap slides down over the 
articular surface of the upper leg bone. The cloth of the pant leg is not long enough to cover the entire length of 
the front of the leg now that the leg is a little longer. The tension that results lifts the hem over the shin noticeably. 
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9.9 When the knee is bent, the upper leg lengthens by the height of the kneecap, while the back of the leg is shortened by 
the same amount. This creates tension in the pant leg along the front of the leg and compression along the back. 


As the knee is bent, the top of the pant leg becomes tight and smooth, while the back surface becomes com- 
pressed and bunched on the back of the leg. The small diagonal folds intersecting the seams on the sides of the 
thighs are shear folds that are formed because the cloth on top of the leg is pulled forward, while that on the back 
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of the leg is held. In other words there is tension on a diagonal towards the knee, but compression at a right angle 
to that, causing small parallel folds to form on a diagonal. 

At the back of the knee a bent tube fold is created when the knee is flexed. Because the volume of the knee 
prevents the hinge lines of the bent tube fold from completely flattening like an aluminum can would, the front 
and back of the bent tube fold are linked by a radial fold on each side of the joint. These two folds spring from the 
kneecap due to the rotation and the uneven compression of the cloth. The radial folds on the two sides are con- 
nected by the ditch fold, as we have seen. 


Folds in Pants When Standing 


The first row of legs in Figure 9.10 show the typical patterns of folds in pants when standing with both legs straight. 
There are few folds. When one knee is bent, more folds form. Where they are placed is determined by considering, 
at each joint, how the cloth is forced to change from its default shape. Where does the cloth rest directly on the 
body? Where is it under tension or compression? How is gravity affecting it? 


9.10 Standing straight is the default position for pants, so there are few folds. When weight is shifted to one leg and the 
other knee is bent, compression creates new folds. 
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Folds in Pants When Walking and Running 


Figure 9.11 shows the typical folds in pants when walking and running. Other smaller folds could be added to cre- 
ate a more complex pattern. The striped areas of cloth rest directly on the surfaces of the figure. 


9.11 These are the typical patterns of folds in pants that form as the figure walks and runs. The striped areas indicate 
where the fabric is in direct contact with the figure. The arrows show tension and the squiggles show compression. 


Folds in Pants in Other Poses 


Having some fold patterns memorized for certain poses is helpful. For unusual poses, the folds can be determined 
by considering where the tension and compression are. Figure 9.12 shows some common poses and the folds 
that form in them. 
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9.12 The typical folds that form in pants in common poses are shown. Usually one side of a pant leg is under tension and 
the opposite side is under compression. Typical folds are bent tube, shear, zigzag, telescoping and hanging radials. Long 
arrows indicate tension, squiggles indicate compression and short arrows show where the hem is pulled up. 


Folds in Pant Legs as They Rest on Shoes 


A pant leg can behave in different ways when it rests on the foot, depending on the thickness of the cloth, how 
loose the fit is, the length of the pants and whether there is a front crease. For example, a medium-weight fabric 
with no crease will form a ditch fold at the foot when standing if there Is a slight amount of compression. A pressed 
pair of pants will not form a bent tube but will instead form a zigzag fold because the ridge fold is narrow. The 
number of angles in the zigzag fold depends on how much slack there is in the cloth of the pant leg: the less slack, 
the more segments the zigzag fold has. 

Figure 9.13 shows six folds that commonly occur in pant legs at the ankle. These folds have different ways of 
solving the problem of vertical compression of the lower pant leg. They all look convincing, but each one gives a 
different impression of the style and fit of the pants. 
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9.13 Six common folds at the ankle: bent tube; nested bridge in a bent tube; zigzag; radial; telescoping; interlocking. 


A straight pant leg forms a cylinder, and if the cylinder rests on the shoe, there is compression of the 
cloth at the front of the shin. If there is a crease or narrow ridge in the cloth, then a zigzag fold will form. 
If there is a wide ridge and no crease, then a bent tube fold will form instead. Often a bridge fold will be 
nested in the ditch of the bent tube fold because the shoe or ankle is pushing out on the cloth within the 
bent tube fold. 


FOLDS IN SHIRTS AND BLOUSES 


Folds in the Body of Shirts 


Shirts and blouses hang from the shoulders, and make contact with the body along the top of the shoulders and 
over the shoulder blades and chest (Figure 9.14). 
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9.14 A sleeveless T-shirt rests on the shoulders and hangs freely and evenly if it is not tucked in. The looser the fit of a 
shirt, the more excess cloth there is that is pulled down by gravity into hanging radial folds. 


The shoulders are very mobile, and as the clavicles swing forward, backward, up and down, they create 
folds in the body of shirts, jackets and coats. As the shoulder end of a clavicle rotates centered on its attach- 
ment at the pit of the neck, it pulls the cloth of a shirt with it, creating tension where it pulls and compression 
across that axis. Bending the lower back forward, backward or to the side also compresses parts of a shirt. To 
create folds that could occur in a given pose, you have to carefully consider the action of each part of the figure 
(Figure 9.15). 
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9.15 The clavicles create tension and compression in shirts as they swing up, forwards and backwards. Bending the lower 
back to the side, forwards or backwards also creates tension and compression. 


In shirts there are usually folds under the arm when the arm is at the side, but they are partly hidden from view 
by the arms. The left and right sides of these folds are visible, and these areas can be drawn more convincingly if 
they are thought of as continuing behind the arm and reappearing on the other side (Figure 9.16). 
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9.16 There are always folds in a shirt on the side of the torso under the arm when the arm hangs at the side. They can be 
festoon folds suspended between the chest and the shoulder blades, or ditches, or zigzag folds at the angle between the plane 
of the chest and the plane of the back. 


The Patterns of Folds in Shirts 


The sleeves of both shirts and T-shirts are attached so that they point almost straight out to the side. This ensures 
that the arms can be raised without constraint (Figure 9.17). Because of this design, when the arm is carried at 
the side, the cloth below the armpit becomes compressed in both the sleeve and the body of the shirt. The folds 
may be festoons, zigzags, ditches or a combination of these. Jacket sleeves start to form telescoping folds over 
the arm as soon as the arm begins to rise, but shirt sleeves do not telescope until they are raised much higher. 
Festoon folds across the back also do not form quickly when the arms begin to rise, but will form when the arms 
are raised quite high. 
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9.17 The patterns of folds found in a shirt in various positions are shown in simplified form. The positions of the shoulders 
and arms are the main factors affecting folds in shirts. 


Some Differences to the Folds in Blouses 


The folds in blouses are similar to those in shirts, but there are some differences to the cut that affect the folds. 
Blouses are more tapered, more contoured and form-fitting. They have seams that are more precisely at the 
shoulder, and smaller cuffs and collars, and the sleeves end a little higher up the forearm than in men's shirts 
(Figure 9.18). 
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9.18 Blouses are usually more form-fitting, but they have folds that are very similar to those in shirts. 


Folds in Shirt Sleeves 


The folds that form in the sleeve over the forearm as the cuff pushes upwards are among the most complicated 
to draw. Figure 9.19 shows a flexed arm with a few folds that are usually found in sleeves over the forearm when 
the arm is bent. Running along the top of the forearm is a primary zigzag fold that interlocks with radial folds that 
originate on both sides of the elbow. These folds subdivide once or twice and then interconnect with the zigzag 
fold along the top of the forearm. Often there is also a telescoping fold over the forearm. It starts as two radial 
folds that originate on the two sides of the forearm and then meet in an S fold on top of the forearm. This meeting 
place is usually the dip that occurs midway along, where the forearm muscles become tendons. These folds can 
be designed based on the letter “W” (Figure 9.20). 
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9.19 The folds that are shown almost always occur in the sleeve of a bent arm. They can be made more elaborate by 
adding more of the same folds. 


9.20 Often there is a W in the zigzag fold that runs along the top of a sleeve over a bent arm. Radial folds that start at the 
outside and inside of the elbow connect to this W. Building out from a W can be a good way to design the folds. This pattern 
can be extended as needed to create more elaborate folds. 
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Folds Formed in Shirts When the Arm is Down 


When the arms are at the side, a shirt hangs from the shoulders, the upper chest and the shoulder blades. Because 
of the angle of attachment of shirt sleeves, excess cloth festoons under the armpits. Gravity pulls the cloth down- 
wards, and if the shirt is not tucked in, radial folds will form, with their size dependent on how tightly or loosely 
the shirt fits. When the shirt is tucked in, there is usually a horizontal zigzag fold going around the waist, where the 
hanging radial folds interconnect with the folds that are tucked inside the pants. 

If the elbow is moved backwards, the cloth over the torso is pulled diagonally from the abdomen to the shoulder 
blades, and shear folds develop (Figure 9.21). If the elbow is moved forward, then shear folds run from the lower 
back to the chest. Telescoping will occur on top of the arm during both of these actions. 
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9.21 Movement of the arm alters the folds in the torso and the upper arm. 


Folds in Shirts When the Arm is Raised to Shoulder Level 


Figure 9.22 shows the typical folds that occur when the arm is raised at several angles. When the arm reaches 
forward, it pulls the cloth tight along the back and along the lower section of the arm. It is compressed on top 
of the arm and over the chest. When the elbow moves behind the back, the arm pulls the fabric tight across the 
chest and along the lower section of the arm. It is compressed along the upper surface of the top of the arm. By 
considering how the arm's movement pulls on the cloth and where the cloth is compressed, typical folds for each 
situation can be used. 
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9.22 The sleeve of a shirt develops similar folds when the arm is raised to the shoulder, whether the arm is held to the front 
or the side. 


Folds in Shirts When the Arm is Raised Above the Shoulder 


When the arm is raised, it creates tension on the underside of the sleeve and compression on the top (Figure 9.23). 
If the arm is raised above the shoulder, compression on top of the arm creates a telescoping fold. The cloth under 
the arm is pulled tight, while the cloth on top of the shoulder bunches into a bent tube fold. As the clavicle swings 
to its highest point, it brings the shoulder closer to the midline of the body. Compressed cloth on the chest and 
back festoons from the elevated shoulder to the other side of the torso. If the arm is high but pointed outward, the 
underside of the sleeve hangs freely and is free of folds. 
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9.23 When the arm is raised, there is tension along the underside of the sleeve and compression along the top. 


FOLDS IN FORMAL JACKETS AND COATS 


The Patterns of Folds in Formal Jackets and Coats 


A formal jacket or coat is intended to conform to the body and hang from the shoulders with few folds, thereby 
looking dignified and idealized (Figure 9.24). This is achieved mainly by the way it’s cut and through the use of pads 
in the shoulders. A jacket’s arms are attached to the body of the jacket with the sleeve pointing downwards. As a 
result, when the arms hang at the side, there is no excess fabric around the armpit and the sleeves tend to main- 
tain their cylindrical shape without additional folds forming. Formal jackets restrict the movement of the arms while 
shirts do not. Casual jackets are cut larger and have folds that are similar to shirts. They don't have shoulder pads, 
they may have elasticized waists and their pockets are angled. 
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9.24 The patterns of folds in formal jackets are shown. Jackets have fewer folds than shirts, but many similarities. The 
changing positions of the shoulders and arms are the main factors affecting folds in jackets. Because jacket shoulder 
pads make the shoulders stiff, they do not fold when the shoulders are raised. Instead the folds form where they can, 
behind the neck. 
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Jacket Folds at the Shoulders and Neck 


The arm can be raised with or without the shoulder being raised. When a shoulder is raised, the clavicle on that 
side rotates upward from its attachment at the pit of the neck, and the shoulder arcs noticeably inward towards the 
ear. Because Jacket shoulders are made to be stiff, a bent tube fold forms behind the neck. This fold has a U-shaped 
furrow around the back and sides of the neck (Figure 9.25). 


9.25 Jacket shoulders are stiff. When the shoulders are raised, a U-shaped bent tube fold forms. The ditch is a U-shaped 
furrow around the back and sides of the neck. 


Jacket Folds Created by Moving the Shoulders 
Forward or Back 


When an arm is raised, it quickly causes compression in the top of the sleeve and tension below. This causes 
the material to slide over itself into a telescoping fold. This will bend the lapels if the jacket is buttoned 
(Figure 9.26). 
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Chapter 9 | Clothing and Folds on the Figure 


9.26 Several folds form in the back of a jacket when the shoulders swing forwards and backwards. Note the festoons, the 
bent fold at the neck, the telescoping in the sleeves, the bent tube folds and fan folds at the elbows, and the shear folds along 
the sides of the torso and sleeves. 


When the shoulders are brought forward, they are following an arc determined by the swing of the clavicle. 
Because of this rotation, the shoulder not only moves forward, but also moves inwards towards the body's midline. 

When the shoulders are pulled back, the clavicles again follow an arc. Because of this rotation, the shoulder not 
only moves back, but also moves inwards towards the midline. When the shoulders move backwards, they pull on 
the jacket over the chest, and if it’s buttoned, there will be shear folds from the shoulders to the top button. The 
compressed cloth over the back festoons from shoulder to shoulder. 


FOLDS IN SKIRTS, DRESSES AND ROBES 


There are many styles of skirts, dresses and robes, but there are many similarities among them, and because of 
this there are many folds that they have in common. This section illustrates the typical folds that form in an average 
skirt, dress or robe by showing them side by side, so that their similarities become apparent. 
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Figures 9.27 through 9.34 illustrate the usual folds that are formed when a figure is standing, seated or walk- 
ing while wearing a skirt, dress or robe. The folds that form are the same types that occur in pants and shirts, but 
because there is more material, the folds are larger and there is more of a tendency for the cloth to hang and be 
influenced by gravity. 


FLOWING CURVE 


HANGING 
RADIALS 


FLOWING 
CURVE 


FLOWING CURVE 


9.27 FOLDS IN SKIRTS AND DRESSES: In a dress or robe, raising one knee always creates a bent tube fold at the hips 
and a festoon on each side of the raised knee. When the knees are apart, there are either festoon folds or the cloth falls to the 
floor in radial folds that may have zigzag and ditch folds. 
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9.28 FOLDS IN SKIRTS AND DRESSES WHEN STANDING: When both legs are straight, the folds are quite symmetrical 
and consist of hanging radial folds. When weight is carried on one leg, the other knee is flexed, creating a new anchor point at 
the knee. Tighter skirts have fewer folds than looser ones. 


| BENT Tueee 

2 FESTOON 

3 RADIAL 

4 BRIDGE 

5 FLOWING Cueve 


9.29 FOLDS IN SKIRTS AND DRESSES WHEN SEATED: Note the similarities among the folds. When the hemline is 
lengthened, the existing folds grow, and new folds appear that link to the existing ones. 


147 


| BENT TUBE 
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4 BRIDGE 

5 FUOWING Cueve 


9.30 FOLDS IN SKIRTS AND DRESSES WHEN WALKING - FRONT VIEW: When the cut is fuller, hanging radial folds 
interrupt the bent fold at the hips and the festoon fold at the knees. 


| BENT tTuee 
> 2 FESTOON 
ZA 3 RADIAL 
DN 4 BRIDGE 


5 FLOWING Cueve 


9.31 FOLDS IN SKIRTS AND DRESSES WHEN WALKING - SIDE VIEW: As the hemline lengthens, the folds grow and 
become more elaborate. Note that the festoon fold from the hips to the knee can be interrupted by a hanging radial fold if the 


cut is more generous. 
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RADIAL 


9.32 FOLDS IN ROBES: The folds in robes are similar to those in dresses. Raising one knee always creates a bent tube 
fold at the hips and a festoon on each side of the raised knee. When the knees are apart, there are either festoon folds or the 
cloth falls to the floor in radial folds that become zigzag and ditch folds. 
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9.33 FOLDS IN ROBES WHEN WALKING: Long radial folds hang down from the waist. When walking, the knees and 
calves create new anchor points from which festoon folds hang. Some of the folds are marked with initials: bent tubes (BT), 
creased radials (CR), telescoping (T), zigzag (Z), inverted (I), festoon (F) and flowing curve (FC). 
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9.34 SKETCHING ROBES: Because they are designed to have so much excess fabric, robes provide many opportunities to 
experiment with folds. 


Chapter 9 | Clothing and Folds on the Figure 


FOLDS IN SHOES AND BOOTS 


The folds in shoes, boots and slippers have many similarities. A pair of slippers can have large folds in four places: at 
the front and back of the ankle, and over and under the toes (Figure 9.35). In shoes and boots, the sole prevents 
folds from being created under the toes, but they will appear there in slippers and socks. 


R 
i 


9.35 Flexion and extension of the foot and the toes cause folds to form in footwear and socks. Bent tube folds can form in four 
places: at the front and back of the ankle, over the toe and on the sole of the foot. Only soft soles will fold when the toes are curled. 


Shoes are designed to fit the foot in a standing position. In this position there is no compression of the shoe 
and no folds form. When walking, running or standing on the toes, the toes are extended and create compression 
on the top of the shoe, at the joints where the toes articulate with the foot. This compression results in a bent tube 
fold in the leather on the top of the shoe over that joint (Figure 9.36). Most shoes are cut too low to have folds at 
the ankle. 
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9.36 Because shoes do not usually cover the ankle, the only significant fold that occurs in most shoes is over the toes, 
where a bent tube fold forms when the toes are extended while walking, running or standing on the toes. 
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Chapter 9 | Clothing and Folds on the Figure 


Boots are shaped to fit the foot in a standing position. As soon as the ankle or toes are flexed or extended, folds 
form. Raising the toes by standing on them, walking or running causes compression on top of the foot and creates 
a bent tube fold over the joint where the toes join the foot. Extending the foot causes a bent tube fold to form at the 
front of the ankle joint, and flexing the foot causes a bent tube fold to form at the back of the ankle joint (Figure 9.37). 


BENT TUBE 


9.37 Boots have the same bent tube fold over the toes that shoes do, plus additional bent tube folds in front of and behind 
the ankle. If a boot is high enough, it will often form zigzag folds over the shin to accommodate compression in the leather that 
occurs when the foot is brought towards the shin. 
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Chapter 9 | Clothing and Folds on the Figure 


Part of the objective of learning about folds is to have fun experimenting with them in your sketches. In Figure 9.38 
I've imagined some folds on a few different characters. 


9.38 A knowledge of folds is an additional tool to help you educate your imagination to be able to illustrate your ideas. 


155 


FOLDS IN HANDS 
AND GLOVES 


When drawing hands, the folds in the skin are an important element. The fingers are very mobile, and this mobility 
creates many folds. Knowledge of anatomy and folds in the skin of the hands helps determine where to put the 
folds and creases to make the hands more lifelike. Gloves have folds in the same places as skin, but they are often 
larger because they use thick material and have a loose fit. Because latex gloves are thin, tight-fitting and stretchy, 
they form folds that are very much like the folds in skin. 

The skin of the hand can be thought of as a tight-fitting garment. It can stretch to a small degree to accom- 
modate some of the mobility of the fingers and thumb. There is also extra skin at the knuckles and between the 
fingers to allow for flexing and spreading the fingers and thumb. 

Smaller versions of many of the folds found in clothing can also be found in the skin of hands. Some of these 
folds are more obvious than others, and in the case of a young child, the elasticity of the skin and fat deposits may 
prevent some of the folds from forming. Skin loses some of its elasticity due to aging, making the skin looser and 
resulting in more folds in all hand positions. 


THE BACK OF THE HAND 


There is extra skin on the back of the hand to allow the fingers to be spread. It forms small folds when the fingers 
are not spread, as shown in Figure 10.1. The fingers look longer on the back of the hand than on the palm side. This 
is because the extra skin between the fingers is higher on the palm side than on the back of the hand. This extra 
skin allows the fingers to be spread. 
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Chapter 10 | Folds in Hands and Gloves 


10.1 The skin between the fingers is loose to allow the fingers to be spread. When the fingers are not spread, this skin is 
compressed and bunches into folds and creases. 


When you make a fist, the loose skin on the back of your hand and fingers is pulled tight, eliminating folds. This 
makes the skin look smoother than usual. When the fingers are straightened, the excess skin on the back of the fin- 
gers and hand bunches into bent tube and parallel folds just before each joint, but not over the joints (Figure 10.2). 


5 
2 


10.2 When a fist is made, the skin on the back of the hand is pulled tight because the fingers have lengthened as the 
articular surfaces on the ends of the finger bones are exposed. When the fingers are straightened, the excess skin on the back 
of the hand bunches into bent tube and parallel folds just before each joint. 
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THE FINGERS 


When the fingers are flexed, the articular surfaces of the metacarpal (finger) bones at the joints become exposed. 
Of course they are still covered by skin and tendons, but when fully flexed, the additional bone surfaces add 
about 30 percent to the length of each section of each finger as measured along the nail side of the fingers 
(Figure 10.3). 


10.3 When a finger is flexed, each phalanx or fingerbone slides down from the top surface of the bone it articulates with to 
the lower side of that bone, exposing the articular surface and increasing the apparent length of that segment of that finger by 
about 30 percent, causing the skin over it to be pulled tight. 


To accommodate the increased length of the fingers when they are flexed, every finger has extra skin on the 
nail side just before each joint. This skin is stretched and tightens when the fingers are curled. When the fingers 
are straightened, this extra skin bunches just before each joint. It forms bent tube folds before the middle joint of 
each finger and parallel folds before the last phalanx’s joint (Figure 10.4). 
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Chapter 10 | Folds in Hands and Gloves 


10.4 When a finger is flexed, the length of the nail side increases due to the exposure of the articular surfaces of the bones. 
There is extra skin on the nail side of the fingers so they can flex freely. 


The skin on the palm side of the hand is also alternately stretched and compressed by the movement of the 
fingers. When the fingers are straightened, this skin is pulled tight and smooth. But when the fingers are bent, this 
skin loosens and bunches (Figure 10.5). 


10.5 When a finger is flexed, the length of its palm side decreases, and the excess skin is compressed into parallel folds. 


159 


Chapter 10 | Folds in Hands and Gloves 


When a finger is extended, the extra skin on the nail side bunches just below each joint, while on the palm side 
the skin is tight and smooth. When the finger is flexed, the skin on the nail side is now pulled tight and the skin on 
the palm side is bunched (Figure 10.6). 


100° 


45° 


10.6 As a finger is flexed, the skin on the palm side is compressed and bunches into very full, rounded parallel folds 
separated by creases. The skin on the nail side is stretched tight and is almost wrinkle free. 


The first two phalanges bend most. At the first joint, two parallel creases form some distance apart with a bulge 
between them. At the second joint, there are two creases very close to each other. At the third joint, where bend- 
ing is slight, a single crease forms. These creases are all ditch folds. 

When a finger is straightened where it meets the hand but is flexed at its other joints, the skin bunches over the 
first knuckle but is pulled tight over the other knuckles. On the inside of the finger the skin is tight where it meets 
the palm, but bunched under the other two joints. The skin is pulled diagonally on the first segment of a finger if its 
neighbor is flexed to a greater degree. These lines run from the anchor point on the palm of the hand to the anchor 
point on the second knuckle, and resemble the folds in pant legs (Figure 10.7). 
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Chapter 10 | Folds in Hands and Gloves 


10.7 When a finger is straight at its first joint but flexed at its other two joints, and a neighboring finger is flexed, shear folds 
and a bent tube fold will appear just as in a pair of pants when the knee is flexed. 


THE PALM 


The skin of the hands has to be loose enough to allow for free movement of the joints. Extra skin between the 
fingers allows the fingers to be spread without constraint. Spreading the fingers pulls this slack into sharp little 
ridges. When the fingers are moved back together, this skin is bunched into radial folds (Figure 10.8). 


10.8 There is extra skin between the fingers to allow them to be spread without constraint. The more the first phalanges are 
bent, the less the fingers can spread; when flexed 90 degrees, the fingers cannot be spread at all. 
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In Figure 10.9, the lines marked 3, 4, TH and C are creases found on the palm. They should be thought of as 
places where the skin is anchored to the palm and does not move. When all four fingers are flexed together, the 
compression of the skin causes parallel folds to form above both 4 and 3. When only the last three fingers are 
flexed together, the compression of the skin creates a single parallel fold above 3. When the fingers are straight or 
slightly curled and they are drawn together to grasp an object, the compression of the skin creates parallel folds 
on each side of the center line C. When the thumb is flexed, a larger parallel fold is created at TH. In this last case 
there are also thumb muscles under the skin that bulge. 


\) 
j 


j 


10.9 The creases on the palm correspond to the folds that are created during various actions of the hand. The 


creases are TH for thumb flexion, C for drawing the fingers into towards the center, 3 for just three fingers bent and 4 for 
all four fingers bent. 


THE THUMB 


There is extra skin between the thumb and the index finger to allow for free movement of the thumb. It can be 


stretched out to the side or forwards or backwards. If the thumb is brought close to the index finger, then the extra 
skin becomes zigzag folds, a ditch fold, or both (Figure 10.10). 
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10.10 The loose skin between the index finger and the thumb allows the thumb to be mobile. When the thumb is extended, 
this skin is pulled tight in a line, and when the thumb is flexed, it is compressed into zigzag folds and ditches. 


THE WRIST 


When the hand is extended, parallel folds form on the outside surface of the wrist. When the wrist is flexed, parallel 
folds form on the surface of the inside of the wrist (Figure 10.11). 
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10.11 Flexion and extension of the wrist create parallel folds and creases on the inside and the outside surfaces of 
the wrist. 


TENDON STRETCH AND THE FINGERS 


The muscles that pull on the fingers to straighten them are located in the top of the forearm and attach to the 
fingers by tendons. Even when these muscles are relaxed, there is a limit to the freedom of movement that the 
length of these tendons will allow. If the wrist is bent forward, the pull of these tendons will straighten the fingers. 
If the hand is angled back on the wrist, these tendons will be slack, will not pull on the fingers and the fingers will 
curl. Tendon stretch explains the characteristic poses of the relaxed hand (Figure 10.12). 


10.12 Flexing the wrist causes the fingers to extend. Extending the wrist causes the fingers to flex. Tendon stretch explains 
these characteristic poses of the hands. The folds in latex gloves are similar to the folds in the skin. 
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Many similarities can be found between the way skin folds and the way clothes fold. The skin on the hand is like 
a tight latex glove. The folds found in the hands and gloves in their many positions are often quite similar to folds 
found in clothing along the limbs and at the joints, and looking for these similarities reinforces an understanding 
of the folds of the hand. 

The anatomy of the hands of men, women and children is different only in proportion, with children’s hands 
being the smallest and least wrinkled, with the bones and tendons obscured by subcutaneous fat. Men's hands are 
large, strong and bony. Aging hands have more obvious bones and tendons than younger hands, their skin loses its 
resilience and there are more prominent folds (Figure 10.13). 


10.13 The proportions determine whether a hand appears to be that of a man, woman or child. Older hands have less fat, 
less flexible skin, more wrinkles and more prominent joints and tendons. 
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FOLDS AND 
WRINKLES ON 
THE FACE 


When various facial muscles contract, they can open the eyes as well as make them squint, furrow the brow, cre- 
ate a smile and produce other effects. We see these as indications of emotional states. Understanding the folds of 
the face helps us to draw faces and suggest emotions more accurately, and also helps to determine where to put 
wrinkles. The names of the muscles are not important for the purpose of drawing, but their actions are (Figure 11.1). 
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11.1 The creases of the most prominent folds in the face are shown. The muscles around the eyes and the mouth squeeze 
shut when contracted. Other facial muscles pull skin, fat and other muscles towards their attachments on the bones of the 
skull. Contraction causes folds and wrinkles to form in the skin as it is compressed. 
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The folds of the face are caused by facial muscles pulling on the skin from their points of attachment on the 
bones of the face. The most important muscles of expression control the opening and closing of the eyes and lips 


and the furrowing of the forehead. These actions produce permanent wrinkles as a person ages. 


THE EYES 


The skin and muscle that stretches over the eye socket surrounds and covers the eyeball. The eyeball pushes it 
outwards. There are no folds in the skin when the eyelids are closed. The levator palpebrae muscles that attach 
to each upper eyelid pull upwards and open the eyes. During this action, the skin and muscle over the upper lid 


becomes an S fold (Figure 11.2). 


EYEGALL MUSCLE & SEIN UPPER LID FOLDS 
IN SOCKET LIE OVER E¥ERALL AS EVE OPENS 


11.2 Skin and muscle completely cover the socket, and the eyeball pushes outward against it. There is no fold above the eye 
when the lids are closed, but an S fold forms above the eye when the levator palpebrae muscles pull the upper eyelids open. 


Figure 11.3 shows a side view of the upper eyelid. When the upper eyelid is pulled open, a small parallel fold 


forms above the eye. 
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11.3 A schematic side view of the upper eyelid illustrates the way an S fold is formed when the upper eyelid is pulled open 
by the levator palpebrae muscle. 
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The orbicularis oculi muscle is a circular muscle that is anchored in the corner of the eye. When it is contracted, 
the eye squints and radiating folds are created at the outside corner of the eye. These folds become permanent 
crow's feet wrinkles as a person ages (Figure 11.4). 
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11.4 The orbicularis oculi muscle surrounds the eye. When it contracts it tightens around the eye, making the eye squint and 
creating radial folds and wrinkles. 


FOLDS IN THE CHEEKS 


The orbicularis oris is a circular muscle around the mouth which can be contracted to close the lips. Attached to the 
edges of this muscle are six muscles that pull the corners of the mouth up, outwards and downwards. Of these, the 
two most important muscles for the creation of folds on the face are the zygomaticus muscles. They run diagonally from 
the cheekbones to points close to the corners of the mouth. The muscles and skin surrounding the mouth are very flex 
ible. When these two muscles are contracted, they pull the corners of the mouth outwards and upwards (Figure 11.5). 


11.5 The mouth is surrounded by the circular orbicularis oris muscle and flexible skin. The zygomaticus muscles can pull 
the lips upwards and outwards, which creates a smile and furrows in the cheeks. 
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As the zygomaticus muscles pull the orbicularis oris muscles, an S fold appears in the skin of the cheeks, 
and the familiar furrows from the nose to the corners of the mouth form (Figure 11.6). In younger people these 
furrows disappear when the mouth is relaxed, but they become permanent with time and repeated creasing. 
The skin that overlies the zygomaticus muscles bunches into smooth, rounded cheeks that are an important 
element of a smile. 
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11.6 The zygomaticus muscles run from the cheekbones to the corners of the mouth. They pull the corners of the mouth 
outwards and upwards, creating the S folds that include the furrows of the cheeks and the rounded bumps of skin over the 
cheekbones. 


The muscles of the face can work together or separately. A familiar pattern is a smile and squinting eyes. In 
this case the orbicularis oculi muscles tighten, creating crow’'s feet folds in the corners of the eyes and causing 
the lower lids to bulge. The zygomaticus muscles pull the corners of the mouth upwards and outwards, opening 
the mouth, creating furrows in the cheeks, causing the cheeks to bulge, and often creating dimples. The bulging 
cheeks press upwards, increasing both the bulging of the lower eyelids and the wrinkles beside and below the 


eyes (Figure 11.7). 
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RADIAL 
FOLDS 


11.7 A smile is often accompanied by tightening of the muscles around the eyes. This creates a familiar pattern consisting 
of bulging cheeks and lower eyelids, radial crow’s feet folds at the corners of the eyes, a deep furrow in the cheek and often 
dimples in the cheeks. 


THE FOREHEAD 


The frontalis muscle is anchored under the scalp and runs down vertically to its attachment to the skin of the fore- 
head. When it is contracted, it creates horizontal parallel folds across the forehead. The muscles of the forehead 
draw the skin of the forehead and eyes upward, which opens the eyes wider and creates horizontal parallel folds 
and wrinkles in the skin of the forehead (Figure 11.8). 
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11.8 The frontalis muscle runs vertically over the forehead, and when it is contracted, it pulls the skin of the forehead 
upwards, creating horizontal parallel folds which eventually leave permanent wrinkles. Contraction also causes the eyebrows to 
rise and the eyes to open wider. 


FOLDS OF THE FACE IN YOUTH AND AGE 


The folds in the skin of the face become more pronounced as a person ages. Over time this repeated folding of the 
skin results in permanent wrinkles and furrows. Because aging skin is less elastic and less resilient, it sags more 
under the influence of gravity. The facial fat in a heavier person will tend to make the folds and wrinkles smoother 
and less prominent (Figure 11.9). 


11.9 The main folds on the face are the same for all ages, but they become deeper with time and persist as furrows and 
wrinkles even when the muscles are not contracted. As people age, additional smaller related folds and wrinkles form because 
skin becomes weathered and less resilient. 
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DRAWING SMILING FACES 


We share the same anatomy, and because of this the folds and wrinkles on people's faces are similar. What 
changes is mainly the number of folds and wrinkles and their proportions. It's good practice to sketch smiling faces 
and attempt to get the various parts of the face to work together in a smile (Figure 11.10). 


11.10 The main elements of a smile are the same on all faces. Memorizing the pattern of a smile helps to align the forms. 
The character of each face is found mainly in the proportions of the forms. 
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LIGHT AND SHADE 


This chapter covers the essentials of the subject of light and shade through a series of illustrations. The information 
presented here is very important to the rendering of realistic folds in all their beauty, subtlety and three-dimension- 
ality. | have covered the most important elements of light and shade here, but this topic is not explored to the same 
depth that folds are. There are many books available dedicated to light and shade and color. 

Folds have a great variety of rounded surfaces and both abrupt and slight angle changes. To properly shade 
drawings of folds requires small and precise variations in value based on an understanding of light. There are only a 
few important concepts to learn, but they must be applied consistently to achieve a convincing effect. These subtle 
value changes can be time-consuming to create, but if the right values are not used, a three-dimensional effect is 
not achieved. 

What viewers subconsciously expect is that there be logic to the behavior of light and shade in drawings and 
paintings, and when this logic is not there, interpreting the forms becomes more difficult. This can be an obstacle 
to understanding the story that the art is trying to tell. My drawings throughout this book are examples of methodi- 
cally applying the concepts | describe here to the rendering of folds, and the result is that the forms illustrated can 
be understood easily. 


TWENTY ILLUSTRATIONS EXPLAINING LIGHT 
AND SHADE 


In order to be seen, objects must be illuminated by one or more light sources. The light that hits an object is 
reflected in many directions, and some of it reaches the observer's eyes. The amount of light reflected from a sur 
face to the observer's eyes depends mainly on the strength and distance of the light source, the reflectivity of the 
object, and the angle of each plane of the object relative to the light source and the observer's eyes. 

When shading a drawing is done from the imagination, every angle of every surface has to be considered to 
judge how much light would reach that area, and how much would be reflected to the observer's eyes. This task is 
made much simpler by restricting your palette of tones to just a few values, often no more than nine. On rounded 
surfaces two adjacent tones can later be blended for a smooth transition. 
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Chapter 12 | Light and Shade 


The 20 figures that follow illustrate the most important concepts of light and shade in drawing and painting. The 
best way to light an imaginary scene convincingly is to apply these principles very consistently when shading your 
drawing (Figures 12.1 through 12.20). 


2 & 2 


12.1 LIGHT, SHADOWS AND PLANES: As an object's planes angle away from the main light source, they usually appear 
less bright, and if no direct light hits them, they are in shadow. Usually there is light reflected from the sky, walls or other objects 
illuminating the shadows. The edges of the planes can be blended to suggest roundness. 


12.2 LIGHT ON BASIC SHAPES: Light shines on surfaces and is reflected to the eye. Even slight differences in the angles 
of the planes on an object change the value of the light that is reflected. 
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12.3 HARD AND SOFT EDGES: Angular edges of objects are painted with hard, sharp lines, while the edges of rounded 
objects are soft and blurry. Our two eyes each see the same angular edge, but when looking at a rounded form, they see two 
slightly different edges. This difference is approximated by using sharp edges when painting angular forms and using blurry 
edges when painting rounded forms. 
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12.4 REFLECTED LIGHT: Every surface of an object reflects whatever light hits it. Usually there is one dominant light 
source, but the sky, walls and other objects will reflect light to the shadow side of objects, and even into cast shadows. When 
using color, consideration must be given to whether the reflected light source has a color in it that will reflect from the surface 
in shadow. For instance, a blue sky will make shadows on snow very blue, but will make the shadow side of red and green 
objects dull. 


12.5 GRADATIONS OF REFLECTED LIGHT: The ground is an important source of reflected light. It will often cause a 
gradation of values on people and vertical objects such as trees, poles and both interior and exterior walls. Exaggerating this 
effect adds to the three-dimensionality of objects, including folds, and enhances the composition. 


176 


12.6 CAST SHADOWS ARE AREAS WHOSE VIEW OF THE MAIN LIGHT SOURCE IS BLOCKED. These areas are 
usually illuminated by light reflected from the sky and other objects. 


12.7 CAST SHADOWS AND VALUES: Cast shadows are areas that do not receive direct illumination from the main light 
source. They are almost always illuminated by secondary sources, usually reflected light. Some areas in shadow will be illuminated 
more than others. Note that different planes that are at different angles can have very different illumination in the cast shadows. 
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12.8 HIGHLIGHTS: Highlights are found on shiny surfaces on every plane that reflects light from a source directly to the 
observer's eyes. Everywhere that a small mirror at the angle of a particular plane would show the light source to the observer 
is a highlight. A highlight can be on a flat surface, a concave or convex surface, an edge, the line where two planes meet or the 
corner point where three planes intersect. 


1 Highlight 
2 Reflected light E 
3 Cast shadow ~L 


12.9 LIGHT ON AN IMAGINARY SCENE: This illustration from an earlier chapter is labeled to show where highlights, 
reflected light and cast shadows have been created in this simple drawing. 
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12.10 BRIGHT REFLECTIONS AT OBLIQUE ANGLES: Surfaces appear more reflective when viewed at oblique angles, 
especially the surfaces of shiny materials. This applies to the edges of round objects, but also to oblique angles of view of 
walls, ceilings, floors, the ground and water. 


12.11 VALUE RANGES: Light material reflects more of both the direct light that strikes it and the reflected light that enters 
the shadow side. Dark material reflects less of both. The three main values used for an object should be close to each other. 
On rounded surfaces adjacent values should be blended smoothly to indicate smooth curves. 
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12.12 SHINY AND MATTE SURFACES: Shiny surfaces mirror their surroundings, while matte surfaces reflect light from 
many angles and have smoother value transitions. Most materials lie somewhere between these two extremes. 


12.13 ILLUMINATION AND THE ENVIRONMENT: Every object is illuminated by its surroundings on all sides. As each 
plane of an object is shaded, what is reflecting at that angle must be considered. The more mirror-like an object is, the more 
perfect the reflection; the more matte the object, the more indistinct the reflections. 
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12.14 TYPES OF LIGHT: The sun illuminates objects evenly, but lamps and flames light only nearby objects well, as their 
strength weakens quickly with distance. Light from one source, such as the sun or a lamp, can create sharp shadows and highlights, 
but diffused light from a hazy sky does not produce strong shadows and highlights. The artist must consider each specific situation. 


12.15 COMPOSITION AND LIGHTING: A better composition is achieved by making a drawing or painting stay within a 
narrow value range, be it light, middle tone or dark. The value of the center of interest can contrast with the rest of the picture. 
This contrast draws the viewer's attention to that area. 
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12.16 LIGHT ON SIMPLE FOLDS: It is helpful to think of folds in a squared-off way, and you would therefore use a limited 
number of values on the planes. The angle of every plane has to be evaluated to determine how much light it is reflecting to 
the viewer's eye from that plane. The lines dividing the areas of tone can later be softened. 


SHAR 
ONLY AS IT 
CURVES. 


12.17 LIGHT AND SHADE ON A COMPOUND FOLD: The sharp edge of a compound fold borders the fold’s eye. It is 
only sharp while the cloth is curving to create the second fold; beyond the curve the cloth retains the soft, rounded form of 
the first fold. The hard edges along this short curve contrast with the softly modeled rounded edges beyond the curve. 
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12.18 LIGHT ON A COMPOUND FOLD: In this illustration a parallel fold has been bent into a compound fold. The two 
separated sections along the hinge line of the original parallel fold become cone-like radial folds whose length lines radiate 
from the eye of the fold. A radial fold also runs from the eye along the hinge line of the second fold. On the outside of a 
compound fold the pattern of length lines and width curves remains closer to the original simple fold’s grid pattern. 


12.19 PATTERNS OF PLANES AND VALUES ON FOLDS: This illustration shows a parallel fold that has been bent into a 
compound fold. The separated sections along the original parallel fold’s hinge line become cone-like radial folds whose length 
lines radiate from the eye of the fold. Note that the sharp edge of the eye quickly softens as soon as the turn ends and the 
hinge line of the original simple folds resumes. In the center of each segment of the original fold, as well as on the outside of a 
compound fold, the pattern of length lines and width curves remains closer to the original simple fold. 
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12.20 GRADATIONS OF VALUE: When rendering the slight plane changes that are always found in folds, careful modeling 
of value gradations is necessary. A good, simplified lighting effect can be achieved by using the standard of a primary light 
source in the upper left and a reflected light source in the lower right. 
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action of the figure 94—5 cones 12-13, 19-21, 28, 47 50 
anatomy, human see figure drawing connected parallel folds 31 
anatomy of a fold 21-2 convex surfaces 21 
anchor points 125-6 copying from reference 6 
ankle 113-14 creases 21, 23 
arm 105-11 bent fold 39 
axis of compression 20 compound radial folds 54 
axis of tension 19 eye of a fold 27 
facial 166 
bent fold 39, 47 hands and gloves 156-7, 160, 162-4 
bent tube fold 64-6 pant legs 42, 67 127 132-3 
compared to zigzag folds 79-81 skin 120-1 
at the floor turn 86-7 crest of a fold 21 
bias of cloth 15 C-shaped fold 25 
blouses see shirts and blouses cuir 78, 137 
boot folds 152-4 curve 11, 19, 21, 26 
bridge fold 61-3 cylinders 12, 20, 28-9, 32 
bulging 120-1 cylindrical cloth tubes 32-3, 127 
cast shadows 177-8 dip in hinge line 41 
characteristics of materials 77 ditch fold 61-3 
chest see ribcage draped cloth 19 
circular fold 25 drawing 1, 5—10 
clavicles 100-1, 104—5 emotional states 166, 168-72 
clothing 122-55 see also figure drawing; light and shade 
anchor points 125-6 dresses 145-51 
construction 122-5 
tension lines 125-6 edge curves 22, 25, 37 
collar 36, 39, 137 edges, folds at 88-90 
complex folds 13, 61-81 overlapping 88-9 
bent tube 64-8, 79-81 ridge 90 
bridge 61-3 rounded 89 
compressed radial 78-9 edges, drawing hard and soft 175 
ditch 61-3 elbow 
festoon 73-6 folds at 68-70 
linked festoon 74-6 joint articulation 105-7 
nested inverted radial 72-3, 133 nested folds 68 
subdivided radial 70 elements of folds 19-28 
subdivided radial ridge 36, 71-2 emotions, drawing 166, 168-72 
telescoping 76-7 even compression 11-13, 29-33 
twisting 77-8 eye of a fold 26, 27 37-9, 41, 48 
Zigzag and bent tube compared 79-81 eyes, human 98-9 
compound folds 
defined 26-7 face, folds of 166-72 
in parallel folds 37—46 fan folds 52-3 
in radial folds 54-5 festoon folds 73-6 
compressed radial folds 78-9 figure drawing 91-121 
compression 11-13, 19-27 40-1 clavicles 100-5 
even creating parallel folds 29-33 creases 120-1 
uneven creating radial folds 47-51 hand 107-11, 156-65 
concave surfaces 21 head 97-100, 166-72 
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hips 101-2 forehead 166-7 170-1 

length change 116-18 frown see forehead 

lower limb 111-16 funnel-shaped cloth tubes 32 

mannequin 91-5 

mouth 97—100 gathered fabric 78-9 

muscle crawl 114-16 geometry of folds 4, 23, 26 

proportions 95-7 gloves and hands, folds in 156-65 

ribcage 100-5 gravity, effects of 28, 32-3, 44-5, 51-3 

shoulder 104—5 

spine 102 hands 

tendon stretch 708, 118-20, 164 anatomy 107-11 

upper limb 104-11 folds in 156-65 

wrist 107-9, 117, 163-4 hanging radial folds 51-3, 132, 134, 140-1, 
fingers 107-11 147-50 
first-order fold see simple folds hard edges, drawing 175 
folds head 

bent 39, 41 anatomy 97-100 

bent tube 64-6, 79-81, 86 folds and wrinkles 166-72 

bridge 61-3 hems 31, 39 

complex see complex folds hill of a fold 26 

compound see compound folds highlights 778 

compressed radial 78-9 hinge line 22-4 

connected parallel 31 of a parallel fold 30-1 

cylindrical cloth tubes 32-3, 127 of a radial fold 48-9 

ditch 61-3 hips 101-2 

at an edge 43-4 human figure see figure drawing 

eyes of folds 26-7, 37-9, 41, 48 

of the face 166-72 interlocking folds 56-60 

fan 52-3 inverted 57 

festoon 73-6 parallels with parallels 58-9 

flattened 45-6 parallels with radials 59 

at the floor 82-7 radials with radials 59-60 

in hands and gloves 156-65 inverted folds 57 

hanging radial see hanging radial folds 

in jackets and coats 142-5 jacket and coats 

interlocking 56—60 construction 125, 142, 144 

inverted 157 folds in 142-5 

at the joints 66-72 patterns of folds 142-3 

linked festoon 74-6 jagged edges of compound folds 27 

nested inverted radial 72-3 joint surface exposure 116, 157-9 

overlapping or S folds 36 

in pants 127-33 knee 

parallel see parallel folds folds 66-7 

radial see radial folds joint articulation 111-13 

ridge see parallel ridge and valley folds; radial ridge knitted fabric 14 

and valley folds 

shear 34-5 leg 111-16 

in shirts and blouses 133-42 length change of limbs 116-18 

in shoes and boots 152-4 length lines 21, 22 

simple 11, 26-7, 34, 35, 38 of a parallel fold 30 

in skirts, dresses and robes 145-51 of a radial fold 48-9 

subdivided radial 70 light and shade 173-84 

telescoping 36, 76-7 cast shadows 177-8 

twisting 77 78 composition, lighting and values 181 

zigzag 40-6 on a compound fold 782-3 
flaring of fold 40, 45-6 gradations of reflected light 776 
flattening of fold 40, 45-6 gradations of tonal value 784 
flexibility of material 14 hard and soft edges, drawing 775 
floor, cloth turning at 82-7 highlights 778 

bent tube 86 illumination and the environment 780 

overlapping 83 light, shade and planes 7/4 

radial 84 light on basic shapes 74-5 

zigzag 84-5 patterns of planes and values 183 
flowing curves 27, 31-2, 53 reflected light 176 
foot 113-14 reflections at oblique angles 779 
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shiny and matte surfaces 780 simple 48-53 
on simple folds 782 width curves 48-9 
values, tonal 779 radial ridge and valley folds 50-1, 54, 82 
limb see upper limb; lower limb hanging 51, 87, 89-90 
linked festoon folds 74-6 subdivided 71-2 
lips 99-100 reflected light 176 
lower limb 111-16 resilience of material 14, 17 
ribcage 100-5 
mannequin 91-5 ridge folds see parallel ridge and valley folds; radial 
materials, characteristics of 14—17 ridge and valley folds 
mouth 97-100, 160-70 robes 145-51 
muscle crawl 114-16 running figure and folds 131 
narrow fold 25 S folds 36 
nested folds at the elbow 68 at the floor turn 83 
nested inverted radial folds 72-3, 133 second-order folds see compound folds 
shading see light and shade 
overlapping folds 36 shadows see light and shade 
at the floor turn 83 shear folds 34-5 
shirts and blouses 43, 133-42 
pants 42, 127-33 blouses 137-8 
construction 127 body of garment 133-6 
knee flexed 129 construction 122-5, 134 
other poses 131-2 patterns 136-7 
resting on shoes 132-3 sleeves 138-42 
standing 130 shoe folds 152-3 
upper leg flexed on hip 128-9 simple folds 11, 26-7 
walking and running 131 simple parallel folds 30-6 
zigzag folds 42 simple radial folds 48-54 
parallel folds 12, 29-46 size of person influencing folds 18 
bent 39, 41 skirts 145-51 
connected 31 sleeves 
compound 37-45 construction 125, 142 
cylindrical cloth tubes 32, 33 folds in jacket sleeves 142-5 
flowing curves 31-2 folds in shirt sleeves 138-42 
hinge line 30-1 slippers, folds in 152 
length lines 30 smiles, folds and wrinkles in 168-72 
overlapping or S 36 soft edges, drawing 175 
ridge see parallel ridge and valley folds spine 93, 101-3 
shear 34-5 standing figure and folds 130, 147, 149 
simple 30-6 stiffness of materials 14, 77 
telescoping 36 storyboards 2—10 
width curve 30 straight lines 21-3, 26 
zigzag 40-6 strength of folds 28 
parallel ridge and valley folds 33-4 stretchiness of materials 14, 77 
perspective 7 subdivided radial folds 70 
phalanges of the fingers and thumb 109-11 subdivided radial ridge folds 71-2 
pillows, folds in 126-7 suspended fabric 19, 28, 73, 82 
planes 
fabric 11-12 tablecloth 43-4 
light 1⁄4, 177-8, 182-3 tail of a radial fold 21, 49 
pressure see compression telescoping folds 36, 76-7 
proportions of the figure 95-7 tendon stretch 708, 118-20, 164 
tension 19-21 
radial folds 12-13, 47-55 tension lines 125-7 
cloth tubes 50 thickness of materials 14, 16 
compound 54-5 three-dimensional drawing 5 
fan 52-3 thumb 109-11, 162 
at the floor turn 84 tip of a radial fold 22, 49 
flowing curves 53 trousers see pants 
funnel-shaped cloth tubes 50 twisting folds 77-8 
hanging see hanging radial folds 
hinge line 48-9 uneven compression 11-13, 47-51 
length lines 48-9 upper limb 104-11 
ridge see radial ridge and valley folds U-shaped fold 25 


187 


Index 


valley folds see parallel ridge and valley folds, radial 
ridge and valley folds 

valley of a fold 21, 26, 33-4, 50 

values, tonal 779, 183-4 

V-shaped fold 25 


walking figure and folds 131, 148-50 
wet fabric 18 
wide folds 25 
width curves 22 
of a parallel fold 30 
of a radial fold 48-9 
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wind, effects of 28 

wings of a fold 26 

woven cloth 14 

wrinkles 3, 77, 165, 166-70 
wrist 107-9, 117, 163-4 


XY-plane 23, 24 


Z-axis 23-4, 48 

zigzag folds 40-6 
compared to bent tube folds 79-81 
at the floor turn 84—5 


